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INTRODUCTION 


The recognition of juniper populations 
of extreme heterogeneity in central Texas 
and southern Oklahoma initiated a de- 
tailed study of the comparative morphol- 
ogy of the constituent individuals. It was 
soon apparent that a study of the local 
species Juniperus Ashei Buchholz (Juni- 
perus mexicana Spreng. of Gray’s Manual 
of Botany, 8th Edition) and Juniperus 
virginiana L. in their entire distribution 
was essential. These two very distinct 
species occur together with abundant in- 
termediates in scattered populations from 
Bexar County, Texas, to Ozark County, 
Missouri. A general survey of Juniperus 
east of the Rocky Mountains based on 
studies of population samples and _ her- 
barium specimens was made and has been 
published elsewhere (Hall, 1952). 

Fassett (1944, 1945) had already 
“broken ground” through his variation 
studies at the northwestern and northern 
edge of distribution of J. virginiana in 
which he discussed the effects of hybrid- 
ization between J. virginiana, Juniperus 
scopulorum Sarg., and Juniperus hort- 
zontalis Moench., on the integrity of these 
species. In his variation studies Fassett 
was working with one of the most difficult 
problems in American junipers, for the 
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two former species are so very simular that 
Knglemann (1877) considered them as 
one. Fassett reported the occurrence of 
hybrid swarms of J. virginiana and J. 
horizontalis on the east coast of Maine and 
in the Driftless Area of Wisconsin, of J. 
virginiana and J. scopulorum in central 
and southwestern South Dakota and north- 
western Nebraska, of J. scopulorum and 
J. horizontalis in the Big Horn Mountains 
and near Banff. 

Whiting (1942) reported bizarre recom- 
binations of characters of J. scopulorum 
and Juniperus pachyphloea Torr. as ex- 
hibited by individual junipers growing in 
Oak Creek Canyon near Flagstaff, Ari- 
zona. 

I know of numerous regions in the 
Southwest where hybrids between two 
species of junipers are quite common, and 
in one interesting area, the Palo Duro 
Canyon of the Texas Panhandle, there is 
a great mass of variable junipers among 
which four recognized species may be 
salvaged. Hybrid swarms are very com- 
mon in the genus, and they usually cover 
quite extensive areas, e.g., the region 
along the Balcones Escarpment in central 
Texas and the White River region of 
Arkansas and Missouri. From some of 
these hybrid swarms one may trace the 
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flow of genes from one species into the 
other for great distances but in progres- 
sively greater dilutions. Introgressive in- 
fluence of J. scopulorum into J. virginiana 
and J. Ashei into J. virginiana is measur- 
able over a distance of close to a thousand 
miles. Because of the focal point occupied 
by the hybrid swarms, extensive study of 
them was undertaken. Detailed data have 
been collected from a number of hybrid 
swarms of J. virginiana and J. Ashei from 
the Edwards Plateau of central Texas to 
the Ozark highland. This paper consists 
of a report on one of these hybrid swarms. 


THE HABITAT 


The hybrid swarm in question is situ- 
ated near the southern edge of the Ar- 
buckle Mountains in the vicinity of Platt 
National Park, Murray County, Okla- 
homa. Along the southeast boundary 
both within and without the park, there 
is an area covered with little-bluestem- 
grass and a few hundred junipers. These 
junipers are growing on rolling hills com- 
posed of the calcareous Pontotoc conglom- 
erate. A small spring-fed creek and its 
tributaries drain the area. The general 
region with a 36-inch annual rainfall is 
classified as oak-hickory savannah by 
Bruner (1931), but actually the distribu- 
tion of vegetation in the Arbuckles is 
fairly complicated principally because of 
edaphic complexities. The water rela- 
tions in the Arbuckle residual soils are 
complicated by lithological factors, partic- 
ularly by the presence of mosaics of mark- 
edly different rock strata. The vegetation 
reflects some of these lithologic differ- 
ences. The Arbuckles are really a dis- 
sected upland (1,350 feet at the highest 
point and 750 feet at the lowest) showing 
a basal mountainous structure. From the 
heart of the upland outward, sedimentary 
deposits from upper Cambrian to Penn- 
sylvanian age are exposed. The paleozoic 
formations of the Arbuckle Mountains rep- 
resent upturned, beveled-off strata which 
before mid-Carboniferous time were 12,- 
000 feet of horizontal strata. 

In the Arbuckles, throughout the areas 


where junipers are growing, the hybrid 
swarms are found in the intermediate 
habitats. These hybrid populations are 
best developed on the slopes and in the 
small valleys of the undifferentiated lime- 
stones, sandstones, and shales character- 
istic of the Pontotoc conglomerate. The 
southwestern species, J. Ashei, occurs in 
the most xeric areas suitable for junipers. 
At the northeast limb of the Arbuckle 
anticline, four miles south of Davis, Okla- 
homa, the Viola limestone occurs on edge 
and is bordered by the Simpson formation 
on one side and by the Sylvan shale, Hun- 
ton beds, and Woodford chert on the 
other. The rounded limey knobs of the 
Viola are covered with grasses, dotted 
with J. Ashet, and a few widely scattered 
shrubby trees such as Cercis canadensis 
var. texensis, Celtis laevigata var. texana, 
and Quercus breviloba. The juniper in the 
Viola limestone is nearly equivalent mor- 
phologically to J. Ashei of the Edwards 
Plateau in south-central Texas. Likewise, 
the dry sparsely covered hilltops of the 
Pontotoc conglomerate support numerous 
stands of J. Ashet. 

The variable Simpson formation sup- 
ports grassland and oak woodland, de- 
pending on the presence of limestones and 
shales, or sandstones respectively in the 
surface material. The Sylvan shale sup- 
ports an open oak savannah interrupted 
by xeric pasture ridges on the limestones 
of the Hunton beds which in turn are 
bordered by closed mixed woods on the 
Woodford chert. In the open areas of 
the woodland on these formations, speci- 
mens of J. virginiana may be found in con- 
siderable numbers. They are representa- 
tive of the Ozark race of Red-cedar, being 
more variable, especially in habit, than the 
eastern race of J. virginiana. 

Differential selection of genotypes is 
clearly evident in the Arbuckle Mountain 
junipers and in particular where hybrid 
swarms cross a lithologic boundary. The 
somewhat variable junipers on the Viola 
formation and on the hilltops of the Pon- 
totoc formation are introgressants very 
close to typical J. Ashei; those plants on 
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the less xeric slopes and in the valleys of 
the Pontotoc conglomerate are interme- 
diate and represent a hybrid swarm; and, 
finally, the junipers in the wooded areas 
are introgressants toward J. virginiana 
and are characteristic of the “Ozark race.” 

After one is familiar with the region and 
knows what has happened to Juniperus 
there, it is a simple task to describe the 
habitat, even to designating the geologic 
formation to which its substratum belongs, 
by the pattern of variation expressed by 
the juniper populations growing in it. 
The variation pattern of the junipers gives 


ities and differences. A detailed analysis 
of the effects of differential selection on 
population structure will be reported in a 
later paper. 


REVIEW OF MorRPHOLOGY 


At this point it is desirable to review 
the morphological differences between the 
species J. Ashei and J. virginiana. The 
comparative morphology of these species 
is discussed in detail in another paper 
(Hall, 1952). 

The following table summarizes the 
major differences between the two species. 


Juniperus Ashei 


1. Trunk more or less branched near the base; 
aspect generally bush-like; height to 35 feet. 
2. Foliage dense. 

3. Foliage yellow-green. 

4. Glands on leaves uniformly round; raised 
well above the leaf in a convex hemisphere. 

5. Fruit large (6-8 mm. in diameter) with 
slightly resinous juicy pulp. 

6. Seed 45 mm. in diameter, 1, rarely 2 per 
berry-cone, sharply pointed tip, no pits, smooth 
white hilum conspicuous, covering at least one- 
fourth the length of the seed. 


Juniperus virginiana 
1. Trunk single, erect; aspect generally pyra- 
midal; height to 80 feet. 
2. Foliage more or less open or plume-like. 
3. Foliage bluish-green. 
4. Glands much elongated on certain leaf types, 
elliptic on others; seldom raised above the leaf. 
5. Fruit small (3.5-5 mm. in diameter) with 
strongly resinous dry pulp. 
6. Seed 2-3 mm. in diameter, | or 2 per berry- 
cone, rarely 3-6, blunt tip, numerous pits, small 
inconspicuous hilum. 


data similar to those obtained by plant 
sociological means. While such data do 
not establish a quantitative evaluation of 
the physical factors of the environment, 
they offer a dependable means of compar- 
ing habitats by comparing either popula- 
tion spectra or sociological spectra within 
them. 

It is evident that habitat comparison 
based on population spectra is useful only 
in special cases, in which one has detailed 
knowledge of species or complexes in a bi- 
polar relationship, for example, introgres- 
sion between two rather different allo- 
patric species. Without strong differen- 
tial selection within the group in question, 
this technique would be useless. Also, as 
an initial characterization of habitat, it is 
useless, for one must already have the 
population patterns before comparisons 
may be made. For these reasons socio- 
logical surveys, which may be made ini- 
tially and for any kind of population study, 
are best for establishing habitat similar- 


These two species are in different spe- 
cies groups within the Section Sabina. 
They are so different that they constitute 
opposite “poles” within the section. In 
technical characters J. Ashei is mono- 
spermous with denticulate leaf margins, 
while J. virginiana is polyspermous with 
entire leaf margins. /. Ashet grows as a 
large multi-stemmed or bushy xerophyte 
in subhumid to semi-arid environments, 
while the arborescent /. virginiana may 
grow in humid lowlands as well as drier 
uplands in the deciduous forest and prairie 
formations. J. Ashet grows only in cal- 
careous soils or rock detritus while J. 
virginiana as a whole does well on cal- 
careous material but is not restricted to it. 
The northern type of Red-cedar, contain- 
ing the crebra element, is arenicolous but 
not obligately so. 

Figure 1 shows the basic habit, branch- 
ing system and leaf characters in these 
junipers. From the axis to the ultimate 
branchlets, branching continues to the 
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J. Ashei 


—TERTIARY SHOOT 
(LATERAL) 


(TERMINAL) 


<= PRIMARY SHOOT 
(AXIS) 


J. virginiana 


WHIP LEAVES 


KEEL 


3 ABAXIAL 


SPUR LEAVES 


LATERAL 
LATERAL ABAXIAL 


Fic. 1. Basic habit, branching system and leaf characters in Juniperus Ashei and 
Juniperus virginiana. 


sixth degree in J. virginiana and the 
seventh degree in J. Ashei but is not rep- 
resented in the diagrams beyond the ter- 
tiary. The leaf characters in figure 1 rep- 
resent typical examples of J. Ashei and 
J. virginiana (Eastern race) and may be 


compared for structural similarity to the 
leaf characters of the hybrids in the photo- 
graphs (figs. 8 through 11). The long 
leaves in figure 1 are whip-leaves char- 
acteristic of long-shoot growth which oc- 
curs terminally on secondary and tertiary 
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TERNATE 


TERMINAL WHIP 


OECUSSATE 
LATERAL WHIP 


TERNATE 
LATERAL WHIP 


Fic. 2. A secondary shoot of /. virginiana. 


shoots. The short leaves are spur-leaves 
characteristic of short-shoots. 

Figure 2 is a diagram to scale of a sec- 
ondary shoot twenty inches in length, 
showing its morphology and identifying 
the terminology used with respect to it in 
this paper. Terminal whip is the long- 
shoot growth which is characterized by 
long type leaves and borne at the apex of 
the secondary shoot. Lateral whip is 
long-shoot growth at the apex of the ter- 
tiary shoot or a major lateral branch 
(third degree of branching). The whip 
may have leaves arranged in a ternate or 
decussate pattern. Leaf arrangement 
shows up well in the photographs, figures 
8 through 1!. The spur-leaves of Num- 
ber, 8, figure 9, and Numbers 19 and 21, 
figure 11, are clearly decussate. 


METHODS 


The Population Sample. In the hybrid 
population from the Pontotoc conglomer- 
ate the individual junipers vary discord- 
antly one from another to a degree easily 
observable from the roadside. Discordant 
variation is best comprehended by study- 
ing figures 3 through 7. The term is used 
in the same sense as by Anderson (1950) 
in his analysis of concordant and discord- 


ant variation in the hypothetical genus 
Planta. Discordance in morphological 
characters, gross habit, branching, size 
patterns, internode lengths, and ratios in 
other structures is the result of the mixing 
of unlike but somewhat miscible elements 
through hybridization. When multiple 
factors are shuffled, resulting in new com- 
binations of genes and modifying factors, 
a heterogeneous population is the out- 
come. 

A number of questions came to mind as 
[ examined these populations which were 
so full of disharmony. Is there intra-in- 
dividual as well as inter-individual dis- 
cordance? What are the trends of char- 
acter correlations in these populations? [ 
wanted to find some repeatable way to 
typify a whole population by sampling a 
reasonable number of its constituent in- 
dividuals. If the variation from branch 
to branch was slight within an individual 
plant, then a single branch from a compa- 
rable part of each tree might be collected 
and used as an index of the variability 
among individuals. One may determine 
the nature and relative degree of inter- 
individual variation by sampling compar- 
able branches of a single plant and holding 
them in silhouette to the sky. When 
branches from different trees are com- 
pared, it is easy to get a relatively accurate 
idea of the degree of difference between 
branches of separate trees and that be- 
tween the branches of a single tree. The 
branches of separate trees can always be 
sorted from one another while those from 
a single tree cannot be so categorized. 
The variability of the branches within an 
individual is sufficiently slight that one may 
typify a single plant by collecting a main 
branch or secondary shoot. The reliabil- 
ity of the secondary shoot for sampling 
was checked by comparing the various 
technical characters from branch to branch 
and tree to tree. Again, the tree to tree 
data could be sorted without the slightest 
difficulty, while the branch to branch data 
for single trees could not be clearly dis- 
tinguished. In other words, the variation 
in separate individuals within the popula- 


ihe 
4 
—— 
a 
A 
4 
q 
‘ 
= 
— 
iva 
4 
> 
a 7 
| 
¢ 
J 
A 
an 
a 
q 
{ 4 
at 
{ 
it 
a=) 


352 


MARION T. HALL 


Fic. 3. Variation in branching pattern of typical J. virginiana (the two top rows), inter- 
mediates from a hybrid swarm (the four middle rows), and typical J. Ashei (the two lower 


rows). Compare with Fig. 2 for legend. 


tion was of a different order from that be- 
tween separate branches within the in- 
dividual. The habit differences from tree 
to tree were accompanied by technical dif- 
ferences in every character studied. Next, 
it was necessary to determine the way in 
which these characters were correlated. 
Such pattern data could indicate whether 
the variations could be explained satis- 
factorily in terms of environmental fluc- 
tuations or in terms of hybridization—re- 
combinations of characters. 

The effect of environment on the several 
characters measured was also checked by 


examining a number of horticultural va- 
rieties of Red-cedar in widely spaced lo- 
calities, e.g., Texas, Oklahoma, Missouri, 
and Michigan. These populations were 
analyzed and five characters chosen with 
which to construct pictorialized scatter 
diagrams. Three of these diagrams have 
been published in an earlier paper (Hall, 
1952, see populations 52, 53, and 54, page 
52). There is little evidence that the 
characters are subject to modification, but 
rather, that they are under strong genic 
control. 
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HYBRID SWARM IN JUNIPER 
Variation in habit—Figs. 4 through 12 represent a ran- 


Fic. 4. 
dom collection from a hybrid swarm (J. Ashet and J. virgin 


at Platt National Park, Oklahoma. 
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Fie. 5. 


Variation in habit. 
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Fic. 7. Variation in habit. 


The final check of technique was the re- 
peated scoring of the same population. 
The population was scored (based on the 
five characters outlined at bottom page 
11) several times in late summer, fall, or 
winter through a period of three years. 
In every scoring the resultant grouped 
data gave nearly the same distribution of 


the numbered specimens while the overall 
pattern remained practically identical. 
Since in scientific work one is restricted 
to the study of a partial spectrum of real- 
ity, one is destined to receive in return 
partial reflections of that reality. It is 
clear that the size of the “universe” studied 
must be restricted for practical considera- 
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tions. What is the smallest portion of a 
population that will demonstrate not only 
the most often repeated variations but 
also the extremes? By trial and error 
methods it was determined that twenty- 
five specimens safely described the pop- 
ulation parameters. The individuals with- 
in the population were classed according 
to age. Three classes were set up: old 
junipers, those over 47 years ; mature juni- 
pers (rarely having any juvenile foliage), 
those between 17 and 47 years ; and youth- 
ful junipers (commonly having some ju- 
venile foliage), those between 1 and 16 
years. Within each species age was cor- 
related fairly well with size at least within 
a geographic province. These classes 
were sub-divided into five-year intervals 
and the morphology of each age class was 
studied, but the final measurements of 
characters were made on plants within the 
mature age class between 25 and 35 years 
old. This mature class was then sampled 
by the usual random numbers table tech- 
nique giving a random sample as to areal 
distribution for that particular class. 

Another method is to sample across the 
habitat along the route of most obvious 
environmental differences. In this way 
the first twenty-five specimens of the ma- 
ture class would be sampled. This tech- 
nique is likely to bias the population sam- 
ple toward the extremes. The most desir- 
able collecting methods are those which 
result in a sample most closely typifying 
the frequencies of all the variations in a 
population. 

Character Analysis. In the Platt Na- 
tional Park population more than one 
hundred plants approximately the same 
age (30 +5 years) were numbered and 
twenty-five of these selected by a random 
tables technique. These twenty-five trees 
were photographed and each photograph 
was standardized to show the growth 
forms of the plants to scale. Then from 
each numbered tree was collected and cor- 
respondingly numbered the following: (1) 
a typical secondary shoot approximately 
20 inches long, (2) a sample of whip 
leaves, (3) a sample of spur leaves, (4) 


a sample of mature berry-cones or stami- 
nate cones. The secondary shoots were 
sampled and diagrammed to scale in figure 
3. Secondary shoots of J. virginiana 
(Eastern race) from the Interior Low 
Plateaus are shown in two columns at the 
left. Equivalent shoots of J. Ashei from 
the Edwards Plateau are shown in two 
columns on the right. Secondary shoots 
from individuals of the hybrid swarm are 
shown in the four central columns ar- 
ranged in order of their affinity to one or 
the other species. Each diagram repre- 
sents a secondary shoot twenty inches long. 
On these shoots every lateral branch four 
inches long or longer was drawn to scale. 
The following characters are illustrated in 
this figure: (1) relative length and num- 
ber of lateral branches per unit of major 
branch or secondary shoot, (2) angle at 
which the laterals leave the secondary 
shoot, (3) length of the terminal whip or 
long-shoot growth (terminal fine lines of 
figure 3), (4) length of the lateral whip 
(lateral fine lines of figure 3), (5) amount 
of terminal and lateral whip which 1s 
ternate (acute bars in fine lines in figure 
3) or decussate (horizontal bars on fine 
lines in figure 3). Hundreds of secondary 
shoot diagrams were made but only thirty- 
two were illustrated. The diagrams were 
placed into four groups, typical J. vir- 
giniana (Eastern race), typical J. Ashei 
(Central Texas), hybrids most resembling 
the former species, and hybrids most re- 
sembling the latter species; these hybrids 
were all from the one population. The 
diagrams to be illustrated were selected at 
random from each group. There are not 
enough examples in the illustration from 
which to draw conclusions ; however, the 
trends with respect to these five charac- 
ters of the secondary shoots are clearly 
demonstrated. 

These secondary shoots were also 
scored for the following five characters: 
(1) gland length-width ratio, (2) length 
of whip leaf, (3) length of terminal whip, 
(4) length of lateral whip, (5) on the 
twenty-inch secondary shoot, the per cent 
of tertiary branches which have the decus- 
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Fic. 8. Variation in leaves and glands. 
Scale is in millimeters. 
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Fic. 10. Variation in leaves and glands. 
Scale is in millimeters. 
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sate leaf arrangement. These characters 
are described in detail in an earlier paper 
(Hall, 1952). As explained in the legend 
of figure 12, the data were grouped into 
three classes: Ashei-like characters, in- 
termediate characters, and virginiana-like 
characters. The grouped data were made 
into a pictorialized scatter diagram which 
shows the structure of the Platt hybrid 
swarm with respect to these five charac- 
ters (see figure 12). In figure 12 popula- 


tions of typical J. Ashei and typical J. 
virginiana scored for these characters fall 
within the boundaries so labeled. 

The individual plants selected by means 
of a random numbers table were then 
numbered from 1 to 24 with permanent 
field numbers as their secondary shoots 
were sampled. Standardized photographs 
were made of each numbered juniper. 
These habit photographs (figures 4 
through 7) clearly show the marked dis- 
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Whip Leaf Length 
2-4 


Length of Terminal Whip 
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Scatter diagram showing hybrid swarm between J. Ashet and 


J. virginiana. 
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Sequence of specimens using different characters 


Numbers correspond to those of figures 4 through 12 


T whip $i 2 21 
Gland S91 2 ti 3S 
Lwhipleaf 3 19 22 8 17 1 2 14 12 11 
Liat.whip 8 3 19 2 13 12 17 5 7 6 


18 11 15 9 14 12 23 16 20 10 7 24 6 4 
16 8 17 18 21 619 10 7 14 12 23 4 20 
13 19 24 6 11 23 14 7 18 12 16 10 4 20 
18 5 15 16 21 6 9 13 10 23 4 24 7 20 
20 21 22 18 24 11 14 23 1 415 16 9 10 


Index of all 


5 char. 3 517 8 1 22213 19 9 


21 24 6 11 


i4 23 18 15 16 12 7 10 20 4 


—— 


Most A shet-like specimens 


cordance in gross morphology which is so 
frequently characteristic of hybrid individ- 
uals. In these photographs the white plate 
bearing the number is approximately one 
foot on its vertical edge. The numbers on 
these photographs correspond to those on 
figures 8 through 11 (variation in leaves 
and glands), figure 12 (pictorialized 
scatter diagram), and table 1. By com- 
paring the same numbers from figure to 
figure, one may realize in the hybrids the 
combinations of characters of the two 
species. 

These numbered specimens are at ran- 
dom and are arranged in order according 
to their permanent field numbers. To ar- 
range these specimens in order of their 
affinity to one or the other species, one 
may use an index of the five characters 
diagrammed in figure 12. If these illus- 
trations depict a hybrid swarm, one may 
not expect the specimens to sort into an 
identical sequence for any two characters 
since any particular characteristic would 
be expressed to different degrees in dif- 
ferent individuals; but by increasing the 
number of characters to make an index, 
one may finally get the minimum number 
of characters which results in the same 
numbered sequence again and again. A 
rough hybrid index may be constructed by 
assigning values to the grouped data of fig- 
ure 12. The bar values may be assigned 
as follows: no bar—0O, half-bar—1, whole 
bar—2. The position of the coordinate 
may be assigned by breaking the whole 
diagram up into twenty-five sub-grids 
ranging from value 0 for the lower left (J. 


Most virginiana-like specimens 


Ashet) sub-grid to value 8 for the upper 
right (J. virginiana). Typical J. Ashet 
would have values from 0 to 3, no bars 
(or half-bars) and 0 sub-grid. Typical 
J. virginiana would have values from 9 
to 13, 4 to 5 for bars and 5 to 8 for 
sub-grid. This particular crude index is 
roughly the mean value for the five char- 
acters of each member of the population. 

This index may be converted into an 
index polygon for the purpose of compar- 
ing the total range of variation with re- 
spect to all the measured characters for the 
species and the various populations of in- 
termediates. Figure 13 shows smoothed 
index polygons for populations of J. Ashet 
(A, A’) from central Texas, J. virginiana 
(V, V*) from the Interior Low Plateaus, 
and for the Platt National Park hybrid 
swarm (H). This “bird’s-eye-view” of 
each population is useful when comparing 
populations against their habitats. In the 
Arbuckles there is a definite correlation be- 
tween the shape and position of the index 
curve and the general aspect of the habitat. 
Detailed studies of these habitats have not 
yet been made, so that it is not possible to 
say that the degree of intermediacy is the 
same for the habitat as for the population. 


DISCUSSION 


The presence of hybrid swarms of J. 
Ashei and J. virginiana where these spe- 
cies occur together in sufficient numbers 
is evidence that there are at most only 
slight barriers to hybridization between 
these species. Hybrid swarms may serve 
as Nature-made progeny tests for the 
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JUNIPERUS VIRGINIANA (EASTERN RACE) 


——--— HYBRID SWARMS 
JUNIPERUS ASHE! 


Fic. 13. Population index curves in Juniperus. 


study of the behavior of specific or sub- 
specific characters when they come to- 
gether. Careful study of figures 3 through 
12 will show the way the characters of the 
two species behave within a hybrid swarm. 
Every character illustrated has been in- 
fluenced through hybridization; even so 
there is a strong tendency for the char- 
acters of the species to stay together. 
Most of the hybrids with wide angles of 
branching also have reduced terminal 


whip with the ternate leaf arrangement, 
suppressed lateral whip, and very few long 
lateral branches. These are characters of 
J. Ashei. A few of the hybrids show more 
extreme character patterns, at least for 
some characters, than is typical for the 
species. For example, hybrids resembling 
J. Ashei in most characters often have 
either very little or no terminal whip on 
the secondaries; such plants have a very 
stubby aspect. The scatter diagram (fig- 
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ure 12) like the hybrid index curve (H 
curve, figure 13) shows a greater influence 
of J. virginiana over J. Ashei in the Platt 
National Park population. In part, this 
is the result of differential selection since 
the Pontotoc conglomerate is quite sandy 
in the area supporting the hybrid swarm, 
and hybrids close to J. Ashei would likely 
be under handicap since the species is 
strongly calciphilous. As a matter of fact, 
the areas where the hybrid swarms reach 
their best development are always strongly 
calcareous, e.g., the bald knobs of south- 
western Missouri and limestone bluffs of 
north-western Arkansas. However, the 
main factor contributing to the slight right 
skewness of the H curve is probably the 
differential pollen production and the rela- 
tive abundance of the two species. J. 
A shei produces nearly twice as much pol- 
len, plant for plant, as J. virginiana. In 
the vicinity of Platt National Park there 
are more than twice more specimens of 
J. virginiana than J. Ashet. These factors 
contribute to more favorable numerical re- 
lations for Red-cedar and its hybrids in 
the locality. Wherever these hybrid pop- 
ulations occur, they may become valuable 
tools for determining similarities and dif- 
ferences in habitats. Where the effects of 
differences in population structure are 
known, the results of differential selection 
may be used for descriptive purposes, and 
one may determine with some degree of 
certainty the comparative characteristics 
of the habitats. 

In table 1 the sequences of the num- 
hered specimens in order of their affinity 
to the species are given for each of five 
characters and for the index values based 
on the five characters of figure 12. The 
specimens numbered 3, 5, 17, 8, 1, 2 are 
most like typical J. Ashei when every 
character is considered; however, in key 
characters (gland shape and coarsely den- 
ticulate leaf margins) specimens 1, 9, and 
5 in that order are most like J. Ashet. 
Reference to table 1 shows that the char- 
acters of each species are found in various 
combinations but not a random. This 
scattering of the specimens by grouping 


their numbers according to the same char- 
acters does not occur in typical material of 
either species. However, even in this ex- 
ample of a hybrid swarm the characters of 
the species tend to associate or stay to- 
gether in the hybrids. Table 1 shows that 
habit is the most sensitive indicator of the 
plant’s total character. These specimens, 
when grouped according to their affinity 
to the species on the basis of habit, give 
nearly the same sequence as does the 5- 
character index. This fact adds strength 
to the value of gross discordant variation 
as a clue to inter-specific hybridization. 

[ believe that hybrid swarms play a very 
important role in evolution. They rep- 
resent gene pools, frequently, as in Juni- 
perus, of large areal extent from which 
genes may flow for great distances along 
many lines of selection. These popula- 
tions are the key to and the focal point for 
introgressive hybridization. If these pools 
of mixed genes are scattered over a good 
portion of the range of a species, they may 
serve well as a mechanism for trial and 
error in the field of gene combinations be- 
having in somewhat the fashion of a spe- 
cies well differentiated into local contigu- 
ous races. Such a species should have 
good survival value in the face of changing 
environments. In long lived perennials, 
particularly woody plants, such hybrid 
populations often represent the work of 
numerous years and indicate what may 
have happened in other situations where 
introgression has occurred but has not left 
so great a stamp. 


SUMMARY 


A hybrid swarm between J. Asheit and 
J. virginiana from Platt National Park in 
the Arbuckle Mountains of southern Okla- 
homa is illustrated and discussed. Be- 
cause of the marked morphological and 
ecological differences between these two 
species which have similar chromosome 
numbers, they are good tools with which 
to demonstrate the behavior of characters 
in species crosses. Morphological char- 
acters of the two species are compared 
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with those same characters within this 
hybrid swarm. There are combinations of 
the characters of both species within the 
hybrid individuals, but these characters, 
nevertheless, tend to stay together indicat- 
ing the probable effect of linkage in hinder- 
ing gene recombinations of multiple-factor 
characters. 

A hybrid index, roughly the group 
means of five characters for each individ- 
ual of the population, was used to con- 
struct a frequency polygon for the twenty- 
five individuals measured. This index 
offers a crude but effective method for 
comparing both populations and their hab- 
itats, at least, wherever differential selec- 
tion is the predominate variable aifecting 
population structure. 

The value of concordant and discordant 
variation in a population as a clue to the 
purity or the hybrid character of its con- 
stituents is demonstrated. The probable 
significance of the hybrid swarm in evolu- 
tion in allopatric species is discussed 
briefly. 
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INTRODUCTION 


Throughout much of their range in the 
northern United States and southern Can- 
ada, 7. latifolia and T. angustifolia occupy 
the same regions ; many colonies consist of 
both species, in company with individuals 
combining characteristics of the two. In 
many colonies that apparently consist of 
but one species, some individuals show 
characteristics of the other species. 

The cat-tails of the United States have 
been referred to four species, T. Jatifolia 
L., T. angustifolia L., T. glauca Godr. and 
T. domingensis Pers., by Hotchkiss and 
Dozier (1949) and their treatment has 
been followed by Fernald (1950) in the 
eighth edition of Gray’s Manual. The pres- 
ent study would suggest that 7. glauca, 
described as somewhat intermediate be- 
tween 7. latifolia and T. angustifolia by 
Hotchkiss and Dozier, is not a definite 
entity, but rather a series of individuals in 
hybrid swarms. TJ. domingensis ranges 
south of the area covered in the present 
study. 


COLLECTIONS 


From each location shown on figures 
4—6, a mass collection was made. Many 
of these collections were by the authors, 
travelling in different regions under grants 
from the Wisconsin Alumni Research 
Foundation. Collections by others include 
the following: from Fall Creek, Black 
River Falls and Morrison Creek, Wiscon- 
sin, by D. F. Grether; from locations in 
Michigan, Gary, Indiana, Sheboygan, 
Theresa, Wisconsin and Independence, 
Iowa, by P. J. Salamun, also during travel 
made possible by the Wisconsin Alumni 
Research Foundation. The specimens 
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shown in figures 8a and 8b are single in- 
dividuals in the locations named and are 
specimens from the Gray Herbarium and 
the New England Botanical Club. 

From each clone one flowering spike 
and a leaf from the same stem were col- 
lected and wired together. Most of the 
spikes were subsequently dipped in a solu- 
tion of cellulose acetate to prevent disin- 
tegration; DDT was added to the solution 
to discourage insects. For detailed study, 
flowers and fruits were washed in acetone 
to remove the cellulose acetate. 


—-STAMINATE SPIKE___ 


LPISTILLATE SPIKE... 


TLATIFOLIA T ANGUSTIFOLIA 


Fic. 1. Spikes and leaf tips, times about 1/3. 
Solid squares designate characters of T. lati- 
folta and open squares characters of T. angusti- 
folia, as used in figures 4-8. 
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T LATIFOLIA T ANGUSTIFOLIA 


Fic. 2. Pistillate flowers, times about 6. 


QUALITATIVE CHARACTERS USED 
ON THE Maps 


Six characters can quite definitely be 
determined one way or the other as either 
a latifolia character or an angusttfolia 
character. On each grid on figures 4-6, 
a vertical column represents a character 
and a horizontal row represents an in- 
dividual. The number of horizontal rows 
therefore varies with the number of in- 
dividuals in each collection. T. Jattfolia 
characteristics are shown by black squares 
and 7. angustifolia characteristics are 
shown by open squares. For example, 
all individuals from clones near Rice Lake, 
Wisconsin (fig. 6), are pure T. latifolia; 
all individuals from Valhalla, New York, 
(fig. 4) are pure 7. angustifolia; and at 
Palatine Bridge, New York, are individ- 
uals with both Jatifolia and angustifolia 
characteristics. A square with hatched 
lines shows that for the specimen indicated 
the characteristic is intermediate, or also 
that characteristics of both species occur 
on the same individual. An example of 
this is seen at Cos Cob, Connecticut, where 
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both filiform and flattened stigmas are 
seen on the same individual. 

The data presented in summary in fig- 
ure 7 are based on all the mass collections 
combined. Here are represented all pos- 
sible combinations of the same 6 charac- 
ters used in figures 46: the first line is 
pure 7. angustifolia, with 86 individuals 
represented in the mass collections; the 
second line has the staminate and pistillate 
portions of the spike contiguous as in 7. 
latifolia but has the other 5 characters as 
in T. angustifolia, and is represented by 3 
individuals, and so on. Figure 7 cor- 
roborates the impression gained from the 
grids on figures +6, that the vast major- 
ity of individuals are either pure 7. an- 
gustifolia or T. latifolia, and individuals 
with 5 characters of one species or the 
other are next in abundance. There are, 
then, effective forces, external or internal 
or both, tending to keep the two species 
separate. 


Column 1: Gap between pistillate and 
staminate portions of sptke 

This characteristic is shown in Figure 

1. On the grids in figures 4-8, this char- 

acteristic is represented by the first verti- 
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T LATIFOLIA T ANGUSTIFOLIA 


Fic. 3. Aborted pistils, times about 6. 
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NEW 


NORWALK PALATINE OF 


GENEVA, CHITENENGO 


VALMALL 


Typha latifolia characteristics 
0) Typha angustifolia characteristics 
# Intermediate characteristics 


spike 


spike 

Column 2: §§ Spike black 

Spike not black 
Column 3: §§ Bract absent 

C) Bract present 
Column 4: §§ Stigma flattened 

C) Stigma filiform 

Column 5: §§ Aborted pistil clavate 


Column 6: §§ Hairs not knobbed 
Hairs knobbed 


anosiey. 


crest 


cos cos 


RANFORO 


east 
BEACH 


2444444 


STONY 


Fic. 4. Colonies of Typha in New England and New York. Each horizontal line of 
squares represents an individual; each vertical column represents a character, as shown in 


figures 1-3. 


cal column. The absence of the gap be- 
tween the pistillate and staminate portions 
of the spike in T. /Jatifolia is indicated by 
a black square in the first column on each 
grid. The gap between the two portions 
in 7. angustifolia is indicated by an open 
square in the first column in each grid. 
Of the 194 individuals showing 4 or 
more T. angustifolia characters, 183 
(94%) have the gap in the spike char- 
acteristic of that species. Of the 623 in- 
dividuals showing 4 or more 7. /atifolia 


characters, 573 (92%) have the continu- 
ous spike characteristic of that species. 
(Statements derived from data on figure 
7.) 

It is notable, however, that in several 
regions where no T. angusttfolia is known, 
an occasional individual of T. latifolia 
shows a gap in the spike ( Monticello, 
Maine; St. Ignace and Indian Lake, Mich- 
igan; Sarona, Wisconsin), as well as in 
regions where the two species coexist 
(eastern Wisconsin). This suggests a 
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slight tendency for 7. latifolia to have a 
discontinuous spike, independent of intro- 
gression from the other species. Such 
individuals have been named T. Jatifolia 
f. ambigua. 

Since all of the material of 7. angus- 
tifolia is from regions where T. Jatifolia 
is also known, it is difficult to determine 
how much of T. angustifolia would have 
a continuous spike in absence of any in- 
trogression. 


Column 2: Color of spike 


In 7. latifolia the pistillate portion of 
the spike is commonly mottled with black ; 
this is represented by black squares in 


@ 7 ypha latifolia characteristics 
0) Typha angustifolia characteristics 
# Intermediate characteristics 


Column 1: §§ Without gap between 9? and 
spike 
With gap between and 
spike 
Column 2: Spike black 
Spike not black 
Column 3: Bract absent 
Bract present 
Column 4: Stigma flattened 
Stigma filiform 
Column 5: Aborted pistil clavate 
Aborted pistil flabellate 
Column 6: Hairs not knobbed 
Hairs knobbed 


> WISCONSIN 


NOEPENDENCE 


/ 


column 2 of each grid in figures 4-8. In 
T. angustifolia the color is clear light 
brown, represented by open squares in 
column 2 of each grid. 

Of the 623 individuals with 4 or more 
latifolia characters, only 45 (about 7%) 
lack the black mottling, and of these 45 
individuals, some 32 have the light brown 
spike without other angustifolia charac- 
ters. On the other hand, of the 194 plants 
with 4 or more angustifolia-characters, 89 
individuals (46% ) have the black-mottled 
spikes of T. latifolia, and the 76 plants 
with mottled spikes combined with 5 an- 
gustifolia characters nearly equals the 
number of individuals (86) of pure angus- 


Fic. 5. Colonies of Typha in Michigan, Ontario, Indiana, and Iowa. 
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BLACK RIVER 
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@ Typha latifolia characteristics 
Typha angustifolia characteristics 
# Intermediate characteristics 


Column 1: §§ Without gap between 9 and 
spike 
With gap between ? and 
spike 


Column 2: §§ Spike black 
0 Spike not black 
Column 3: §§ Bract absent 
Bract present 
Column 4: §§ Stigma flattened 
C) Stigma filiform 
Column 5: §§ Aborted pistil clavate 
( Aborted pistil flabellate 
Column 6: §§ Hairs not knobbed 
C) Hairs knobbed 
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Fic. 6. Colonies of Typha in Wisconsin. 


tifolia. This may be only a reflection ot 
the fact that throughout much of its range 
T. latifolia is beyond regions where T. an- 
gustifolia grows, whereas T. angusttfolia, 
in its entire North American range, is not 
far from the influence of T. /atifolia. 

At several localities in eastern New 
York, Connecticut, Maine and Wisconsin, 
colonies may include a majority of individ- 
uals that would appear to be pure 7. an- 
gustifolia were it not for the black-mot- 
tled spikes; note, for example, the long 
black second column of Stony Point, Con- 


necticut. The reciprocal arrangement oc- 
curs at several points in central Wisconsin 
where many plants appear to be pure 7. 
latifolia except for the unmottled spikes. 
These are probably not merely cases of 
many individuals being taken from one 
clone, for differences appear in size and 
shape of spikes. 


Column 3: Pistillate bract 


In Graebner’s treatment of Typha in the 
Pflanzenreich (1900) T. angustifolia is 
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Tota/ number of specimens. 


kecombinations Nunber 
Of Characters of individuals 


Fic. 7. Each horizontal line shows a possible combination of characters of T. 
angustifolia (open squares) and of 7. /atifolia (solid squares), as in figures 46. 
The 821 individuals were from the mass collections shown in figures 47, plus a 


few more from the same regions. 


put in the section Bracteolatae, character- 
ized by the possession of a hairlike bract 
with spatulate tip, at the base of the pistil- 
late flower, while 7. latifolia, in Section 
Ebracteolatae, lacks such a bract. The 
bract is illustrated in figures 2 and 3. 

If a “good taxonomic character” is one 
that correlates well with other characters 
of the same species, then this is a “good” 


character. Of the 194 individuals with 4 
or more angustifolia characters only 3 lack 
the bract, and of the 623 individuals with 
4 or more Jatifolia characters only 2 have 
the bract. (Data in figure 7: An open 
square in column 3 represents presence of 
the bract as in 7. angustifolia; a black 
square represents lack of bract as in 7. 
latifolia. ) 
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Column 4: Form of stigma 


A filiform stigma is typical of T. angus- 
tifolia and a flattened stigma is typical of 
T. latifolia (fig. 2). Of the 196 specimens 
with pistillate bract, 91% have a filiform 
stigma. Of the 626 specimens in which 
the bract is absent, 99% have a flattened 
stigma. Or, in other words, of the 821 
individuals recorded in figure 7, for only 
11 are columns 3 and 4 different. 

A few individuals have both filiform 
and flattened stigmas. Three specimens 
were from Cos Cob, one from Madison, 
Connecticut, two from Adams, Wisconsin, 
and one from Newcastle, Maine. Other 
individuals, otherwise predominantly of 
the angustifolia type, have filiform stigmas 
or stigmas of an intermediate type. 


Column 5: Shape of aborted pistil 


The aborted pistils, which are often 
abundant among the mature fruits, have 
been described by Celakovsky (1885) ; the 
present authors have also found their 
shape to be diagnostic (fig. 3). In T. 
latifolia the aborted pistil is club-shaped 
or pear-shaped, rounded at apex with an 
abrupt point; the color is light buff, and a 
cross-section shows a sharply defined cen- 
tral space with two locules. In 7. angus- 
tifolia the aborted pistil is flattened and 
wider at the tip; the color is darker buff 
with reddish-brown spots, and the locule 
is much reduced. 

Of the 623 individuals with 4 or more 
latifolia characters, only two have the 
aborted pistil usually characteristic of T. 
angustifolia; of the 194 individuals with 
4 or more angustifolia characters, four 
have the aborted pistil of 7. /atifolia. 

An individual from Madison, Connec- 
ticut, has both aborted pistils of the angus- 
tifolia type and those of an intermediate 
form. An aborted pistil of an intermediate 
form is described by Hotchkiss and Dozier 
(1949) as typical of T. glauca. 


Column 6: Pistillate hairs 


From the base of each pistillate flower 
comes a copious tuft of delicate white 


hairs; it is these hairs that are primarily 
responsible for the feathery nature of cat- 
tail down. In T. angustifolia each hair is 
terminated by a minute dark enlargement 
at the tip (figs. 2 and 3) which is lacking 
in lattfolia. 

The correlation of this character with 
those of columns 4 and 5 is nearly perfect 
A notable exception is at Compo Beach, 
Connecticut, where a majority of the in- 
dividuals, while having all the other char- 
acters of 7. Jatifolia, have the knobbed 
hairs of 7. angustifolia (cf. behavior of 
spike color, column 2). 

An intermediate condition is found in 
some individuals along the coast of Con- 
necticut. 


CHARACTERS Not USED ON THE Maps 


Several sets of characters, among them 
some fundamental ones separating the two 
species, have not been used on the maps 
or the graph. In most cases this has been 
either because they were of a quantitative 
nature and so not adaptable to the graphic 
methods used, or because they could not 
be observed on all individuals. 


Proportions of pistillate portion of spike 


Although the two species are usually 
distinguished at a glance by the size and 
shape of the pistillate portion of the spike, 
there is much overlap and variation of this 
character. Authors have listed a broad 
(2.5 cm. max.) and long (15 cm. max.) 
pistillate spike for 7. /atifolia and a more 
slender (1.0—-1.7 cm.) and shorter (8-13 
cm.) pistillate spike for T. angustifolia, 
but there are many variations. One of 
these variations, 7. angustifolia var. elon- 
gata, has been described by K. M. Wie- 
gand as occurring around Canoga and 
Cayuga Marshes, the east end of Lake 
Ontario and about Oneida Lake (Wie- 
gand, 1924). It is treated as T. glauca 
by Hotchkiss and Dozier (1947). It has 
the main characteristics of T. angustifolia 
except that the pistillate spike measures 
15-30 cm. long, and 2.0—-2.3 cm. thick. 
It probably represents 7. angusttfolia 
with some introgression from T. Jatifolia. 
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Fic. 8. Measurement of pistillate spikes of 68 individuals of Typha in the Gray Herbarium 
and Herbarium of the New England Botanical Club. The location cf the dot on the grid to 
the right shows length and thickness; the grid is actual size and the appearance of each spike 
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can be visualized. In the column under the heading “Individual Species,” the six characters 
of each individual are indicated, in the same manner as in figures 4-7. 
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In this study on the mass collections the 
evidence would seem to show that the in- 
terspecific difference between the propor- 
tions of the pistillate spikes is less than the 
intraspecific variation in patterns of pro- 
portions. Obviously, to study introgres- 
sion as evidenced by this character would 
require large amounts of material and in- 
tense statistical research. Figures 8a and 
8b, showing one individual from each loca- 
tion, link the six characteristics shown in 
the grid (to the left) with the length and 
width of the pistillate spike (to the right). 
There may be an indication that the long- 
est and shortest spikes are on individuals 
showing mixed characters. 


Pollen grains 


Of the 215 individuals with pollen, a 
great majority showed correlation with 
other characters: for example, 159 in- 
dividuals have the flattened stigma of 7. 
latifolia and pollen grains in 4’s, while 20 
have the filiform stigmas of 7. angustifolia 
and pollen grains single. Lack of strict 
correlation is shown by the six following 
recombinations of characters: (1) filiform 
stigmas of 7. angustifolia and pollen 
grains in 4’s as in 7. Jatifolia—3 individ- 
uals; (2) flattened stigmas of 7. Jatifolia 
and pollen grains single as in 7. angus- 
tifolia—5 individuals; (3) flattened stig- 
mas and pollen grains both in 4’s and 
singly—17 individuals; (4) filiform stig- 
mas and pollen grains both in 4’s and 
borne singly—6 individuals; (5) stigmas 
both filiform and flattened and _ pollen 
grains in 4’s—3 individuals; (6) stigmas 
both filiform and flattened and pollen 
grains borne singly—2 individuals. 


Compound pedicels 


The compound pedicel of the pistillate 
spike is long, hairlike and jointed in T. 
latifolia and varies in size only with the 
proportions of the spike. In 7. angus- 
tifolia, these pedicels are short and stubby 
and are more widely spaced on the spike; 
they also seem to vary in size only with 
the proportion of the spike. 


Width and cross-section of leaf 


In Gray’s New Manual (1950) the 
leaves of T. latifolia are described as be- 
ing 6-23 mm. broad, while those of T. 
angustifolia are 6-15 mm. broad. In Fas- 
sett’s Manual of Aquatic Plants (1940) 
the width of 7. angustifolia leaves is listed 
as 3-7 mm. In measurements taken of 
the mass collections, the leaf of T. angusti- 
folia ranges from 3-12 mm. in width, 
while leaf width in T. latifolia is 7-20 mm. 
In the individuals listed in figures 8a and 
8b, those with a majority of angustifolia 
characters have leaves from 3-8 mm. 
wide, and those with a majority of Jatr- 
folia characters have leaves from 7-14 
mm. wide. So although T. angustifolia 
tends to have a narrow leaf and T. Jati- 
folia tends to have a broad leaf, overlap- 
ping invalidates the use of this charac- 
teristic in positive separation of two 
species. 

The leaf profile (fig. 1) varies from flat 
in pure 7. latifolia to definitely rounded 
in pure 7. angustifolia. Some plants 
found near Terry Andrae State Park, 
Sheboygan, Wisconsin, seem to be pure 
T. latifolia except for the definitely con- 
vex lower leaf surface. Although the 
variation may be great in specimens from 
one locality, it generally follows that if 
there are characteristics of one species pre- 
dominant in a specimen, the leaf profile 
tends to be characteristic of that species. 

It appears, then, that the characters of 
the leaves behave much as do the qualita- 
tive characters; while of specific nature, 
they tend to move from one sfecies to the 
other in regions of coexistence and intro- 
gression. 


Leaf sheath 


The study of the characteristic leat 
sheath is omitted in this study since that 
part of the plant was not collected. As 
described by Hotchkiss and Dozier it 
would seem to be a good distinguishing 
characteristic. 
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Pith 


The color of the pith, as described by 
Hotchkiss and Dozier, is white in T. /ati- 
folia, T. angustifolia and T. domingensis 
and buff in 7. glauca. In a study of col- 
onies in the mass collections, slight varia- 
tion was observed. 


KINDS OF COLONIES 


There are various kinds of colonies 
ranging from pure or nearly pure T. Jati- 
folia, like many colonies in Michigan, and 
pure, or nearly pure 7. angustifolia at 
Valhalla and Geneva, New York, to the 
other colonies where all individuals are of 
intermediate nature. In between there are 
three possible recombinations. (1) A 
mixed colony of pure Jatifolia and pure 
angustifolia and no intermediates. This 
was not observed but such a combination 
is approached at Gary, Indiana, Portage 
and Theresa, Wisconsin, and Saugatuck, 
Connecticut ; (2) A colony with pure Jati- 
folia individuals, pure angusttfolta individ- 
uals and intermediates between the two. 
Examples of this may be seen at Pickett 
and Fond du Lac, Wisconsin, Marmora, 
Ontario, Lordship and Sherwood Island, 
Connecticut, and Newcastle, Maine: (3) 
In the most common type of colony one 
species is predominant but many indi- 
viduals show one or more characteristics 
of the other species. An extreme case is 
at Stony Point, Connecticut, where all but 
two of the twelve individuals of T. angus- 
tifolta have the dark brown or black spike 
of T. latifolia. At Compo Beach, Con- 
necticut, the majority of individuals are 
close to T. angusttfolia, but have the knob- 
less hairs of T. /atifolta. Conversely, most 
individuals from Black River Falls, 
Adams and Poynette, Wisconsin, show 
the lighter colored spike characteristic of 
T. angustifolia in colonies where T. lati- 
folia characters predominate. To any per- 
son familiar with cat-tails in the field, a 
possible explanation suggests itself—that 
many individuals have been collected from 
a single clone. Clones do vary in extent 
and may even mix in the same territory, 


so there is a possibility of duplicating col- 
lections from a clone. However, at Stony 
Point, Connecticut, the clones were more 
or less distinct from each other and looked 
different. At Compo Beach individuals 
were collected from a large swamp through 
the middle of which ran a stream with a 
sandy-gravel bottom. Since this stream 
was shallow and offered good footing the 
collector took specimens about every 
twelve feet on alternate sides of the 
stream. Further evidence against much 
duplication is seen in those colonies where, 
for example, the spike of the dark /attfolia 
color is present throughout, but variations 
of other characteristics show that many 
clones are represented. 


EcoLoGy, AND OBSERVATIONS ON 
SpeciFIc AREAS 


The edaphic conditions tolerated by 7. 
latifolia range from basic to acid waters, 
while 7. angustifolia is mostly in basic 
waters and will tolerate some salinity, as 
in the salt marshes along the east coast. 
Where there is an overlap in these habi- 
tats, hybrid swarms are found. 

In Wisconsin the soils to the south and 
east are, in general, limy, while those of 
the north and northwest are derived from 
granite and sandstones. This is reflected 
in figure 6, where the occurrence of T. an- 
gustifolta characters is concentrated south- 
eastward. This may represent a recent in- 
fusion of 7. angustifolia into a previously 
established population of 7. /atifolia, for 
there is no evidence of the presence of 7. 
angustifolia until recently. It is impos- 
sible to demonstrate the former absence of 
T. angustifolia in southeastern Wisconsin ; 
however, only T. latifolia was listed from 
Madison by Cheney and True (1893), 
who stated that it was “common in 
marshes, especially east of the city of 
Madison,” where 7. angustifolia is now 
abundant. J. H. Schuette, a remarkably 
prolific collector about Green Bay in the 
last decade of the Nineteenth Century, 
got only 7. latifolia (specimen in Chicago 
Natural History Museum). Our oldest 
collections of Typha from southeastern 
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Wisconsin are pure 7. /atifolia (Milwau- 
kee, about 1870, Lapham; Janesville, 
1890, Skavlem; Racine, 1906, Heddle 
253a). 

Further correlation between soil type 
and species is seen in central New York 
state in the Finger Lake region. Here 
the soil is derived from glacial till of lime- 
stone and calcareous shale. Near Geneva 
on Lake Seneca stands a practically solid 
colony of 7. angustifolia. From Chit- 
tenango and to the east at Palatine Bridge 
and Avon, New York, where intermedi- 
ates are found, the soil has less lime con- 
tent. 

In southern New York and New Eng- 
land the soils are largely acidic in nature, 
being derived from weathered sandstone 
and shale, and from glacial till and outwash 
materials from granitic and gneiss parent 
rock (U.S.D.A., 1938). Here again T. 
latifolia is dominant except in the areas 
where the water is, or has recently been, 
somewhat saline. In the region of over- 
lap, in the salt marshes on the Connecticut 
coast, intermediates occur. 


TAXONOMY AND NOMENCLATURE 


It is natural that the occurrence of many 
types of intermediates, with various re- 
combinations of characters, should have 
had its reflection in the taxonomy of the 
group. The following names are among 
those that appear in North American liter- 
ature. Several other names, applied to 
plants in regions where T. domingensis 
enters the scene, are not here considered. 

T. glauca Hotchkiss and Dozier, Amer. 
Midl. Nat., 41: 237-254, 1949; perhaps 
Godron, Flore de Lorraine, 3: 20, 1844, 
and other European authors. As de- 
scribed by Hotchkiss and Dozier, this has 
2 characters of T. angustifolia (usually a 
gap in the spike; pistillate portion of spike 
not black-mottled), and 4 characters of 
T. latifolia (pistillate bracts usually ab- 
sent, stigma flattened, aborted pistil club- 
shaped, and pistillate hairs not knobbed). 
Scattered individuals with this combina- 
tion of characters appears in mass collec- 
tions from northeast of Black River Falls, 


and Sheboygan, Wisconsin (fig. 6) and 
from Cedar River, Michigan (fig. 5). 
T. glauca is described as being larger 
throughout than 7. angustifolia, particu- 
larly in respect to the spikes. 

T. angustifolia var. elongata (Dudley) 
Wiegand, Rhodora 26: 1. 1924, and T. 
angustifolia var. longispicata Peck, Rep. 
N. Y. State Bot., 47: 36. 1894. These, 
also, appear to be large extremes of T. 
angustifolia. Whether or not introgres- 
sion from T. /attfolia is a factor in produc- 
ing the large size would be difficult to say. 

T. angustifolia var. calumetensis Peat- 
tie, Amer. Midl. Nat., 10: 129. 1926. Of 
the cited specimens, only no. 2340 has 
been examined in the Chicago Natural 
History Museum. It is a characteristic 
individual of 7. angustifolia except for the 
club-shaped aborted pistil. 


SUMMARY 


In many parts of the northern United 
States and southern Canada Typha lati- 
folia and T. angustifolia occupy the same 
region and may often be found in the same 
colony. Mass collections have been made, 
consisting of a spike and a leaf from each 
clone in a colony (or from each clone that 
could be conveniently reached). Six 
pairs of qualitative characters have been 
used in the analysis of these collections. 
The gap between the pistillate and stami- 
nate portions of the spike present in T. 
angusttfolia and absent in T. Jattfolia, and 
the light brown spike typical of angus- 
tifolia and the mottled black spike of Jatt- 
folia, while reasonably constant for the 
respective “pure species,” seem to diffuse 
readily from one species to the other in 
regions of coexistence. 

The other four characters include the 
slender bract subtending the pistillate 
flower, present in 7. angustifolia and ab- 
sent in T. latifolia; the filiform stigma of 
T. angustifolia and the flattened stigma 
of T. latifolia; the flattened and flabellate 
aborted pistil of T. angustifolia, and club- 
shaped aborted pistil of 7. Jatifolia; the 
presence of knobbed hairs on the pistillate 
flower of T. angusttfolia and the knobless 
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hairs on the pistillate flower of T. lattfolia. 
These characters are much more closely 
correlated, but there is nevertheless some 
diffusion of these characters from one 
species to the other. 

Of the 821 individuals represented, on 
the basis of these 6 characters, 536 are 
pure 7. latifolia, 86 are pure T. angusti- 
folia, and the rest show various recombi- 
nations of the characters of the two. It is 
concluded that while there has been intro- 
gression where the two species occur to- 
gether, there are forces, both external and 
internal, tending to maintain them as 
specific entities. 
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INTRODUCTION 


Beginning in 1945, the authors have 
carried out a series of experiments on 
hybridization of species of Theobroma 
which occur in the basin of the Amazon. 
The cultivated cacao tree (Theobroma 
cacao) has been used frequently in these 
experiments, the original purpose having 
been an attempt to transfer various desir- 
able characters of the wild species into 
the cultivated form, as suggested by Pos- 
nette (1945), who first succeeded in ob- 
taining some cross-pollinations between 
species of Theobroma. Experiments have 
also been made on reciprocal grafting be- 
tween the various species. These experi- 
ments have revealed an interesting paral- 
lelism between the behavior of some spe- 
cies in hybrids and in grafts. The pur- 
pose of the present article is to present a 
summary of the results obtained in our 
Theobroma work to date. 


THE PARENTAL FORMS 


In his revision of the genus Theobroma, 
Ducke (1940) recognizes nine species 
which occur in Amazonia. Considered 
morphologically, these species fall into 
several groups. Thus, 7. Mariae and 
speciosum have flowers on the trunks 
only, T. microcarpum, grandiflorum, sub- 
incanum, obovatum, and bicolor produce 
flowers only on branches, while 7. cacao 
and Spruceanum produce them both on 
trunks and on branches. Seeds of 7. 
Mariae germinate in 30 or more days, 
while those of other species take only 15 
days to germinate. The branching of 
most species is trichotomous, but in 7. 
Mariae it is monopodial, and in 7. cacao 
it is in fives. Axillary buds on the 
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branches are absent in 7. speciosum, 
Spruceanum, bicolor and cacao, and pres- 
ent in the other species. In 7. speciosum, 
Spruceanum, bicolor and cacao, the stem 
arises from buds below the branching 
points while in the other species it arises 
from axillary buds on the branches. T. 
cacao is somewhat variable with respect 
to the above trait, since some branches 
develop buds which give rise to a second- 
ary stem. Furthermore, 7. cacao is the 
only species which is capable of base 
sprouting, even in adult trees. 

The leaves are digitate in 7. Mariae, 
while the leaves of the other species are 
entire. Young plants of 7. bicolor have 
cordiform leaves. Young leaves are green 
in 7. Martae, speciosum, Spruceanum, bi- 
color and microcarpum, and either green 
or purple in the other species. The hy- 
bridization experiments have shown that 
the green color is a single recessive trait, 
purple being dominant. Accordingly, we 
have whenever possible used plants with 
green foliage as female parents, and those 
with purple foliage as male parents. This 
permits ready detection of the possible 
contaminations. Leaves of 7. Mariae, 
subincanum, obovatum and grandiflorum 
are hairy; the adult leaves of 7. Mariae 
have the further characteristic of not los- 
ing their hairs when rubbed against hu- 
man hands. 

The morphological and gross physio- 
logical traits thus shed relatively little 
light on the relationships of the nine spe- 
cies considered. It is clear only that T. 
Marae is a very distinct form, and indeed 
it is placed in a separate subgenus or sec- 
tion Herrania ( Ducke, 1940), which some 


authors consider to be a separate genus 
(Shultes, 1945). 
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THE SPECIES CROSSES 


The techniques used in the hybridiza- 
tion experiments have been described 
elsewhere (Addison and Tavares, 1952). 
Here it will be sufficient to note that dif- 
ferent individual trees of the same species 
may vary with respect to the ease with 
which they produce hybrids with other spe- 
cies when used as female parents in crosses. 
Thus one tree of 7. cacao growing in the 
garden of the Museum Paraense “Emilio 
Goeldi,” at Belém, proved most favorable 
for our purpose, and was subsequently 
used more than were other trees. 

The results of the cross-pollination of 
the species of Theobroma are summarized 
in table 1. In this table the name of the 
species used as the mother is always given 
first, that of the father second. It is clear 
at a glance that most combinations of spe- 
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cies produce no offspring. It should be 
noted that this inability to produce hybrids 
is not due to failure of germination of the 
pollen or to failure of the pollen tube 
growth, as has been verified by special 
observations. An attempt to improve 
matters by application of 0.1% to 0.25% 
alfanaphtalene acetic acid lanoline at the 
point of abscission of the flowers gave no 
positive results. 

The only species which, when used as a 
female, is able to produce hybrid seeds 
with most of its congeners is the culti- 
vated T. cacao. Only the cross cacao X 
Spruceanum has consistently failed, and 
cacao X bicolor produced a single ripe 
fruit with few seeds. On. theoretical 
grounds, it is perhaps suggestive that the 
isolating mechanisms which exclude inter- 
specific crosses should be weakest in the 


TABLE 1. Numbers of pollinations made, of fruits obtained, of seeds in the fruits, and the frequency of 
seeds which germinated in various interspecific crosses in the genus Theobroma 


Species Pollinations Fruits Seeds Germination 
cacao X spectosum 375 24 224 0 
cacao X Mariae 397 52 191 0 
cacao X microcarpum 489 7 11 20% 
cacao X obovatum 674 45 few 0 
cacao X grandiflorum 999 285 548 40% 
cacao X subincanum 375 24 few 0 
cacao X bicolor 381 1 few 0 
cacao X Spruceanum 2,239 0 0 0 
bicolor X speciosum 293 0 0 0 
bicolor X Spruceanum 556 0 0 0 
bicolor X obovatum 520 0 0 0 
bicolor X subincanum 250 0 0 0 
bicolor X cacao 2,440 0 0 0 
bicolor X Mariae 641 0 0 0 
grandiflorum X cacao 745 0 0 0 
grandifilorum X bicolor 462 0 0 0 
grandiflorum X Spruceanum 743 0 0 0 
grandiflorum X speciosum 541 0 0 0 
grandiflorum X microcarpum 654 0 0 0 
grandiflorum X Mariae 531 0 0 0 
grandifiorum X obovatum 465 37 701 77% 
grandiflorum X subincanum 317 39 514 72% 
subincanum X microcarpum 259 0 0 0 
subincanum X Mariae 550 0 0 0 
subincanum X speciosum 690 0 0 0 
subincanum X Spruceanum 505 0 0 0 
subincanum X grandiflorum 189 42 756 65% 
subincanum X obovatum 515 136 1,632 High 
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TABLE 1.—Continued. 


Species Pollinations Fruits Seeds Germination 
obovatum X cacao 246 0 0 0 
obovatum X Mariae 194 0 0 0 
obovatum X microcarpum 581 0 0 0 
obovatum X Spruceanum 527 0 0 0 
obovatum X grandiflorum 506 0 0 0 
obovatum X subincanum 539 0 0 0 
speciosum X cacao 1,011 0 0 0 
speciosum X bicolor 1.264 0 0 0 
speciosum X Mariae 1,896 0 0 0 
speciosum X grandiflorum 660 0 0 0 
speciosum X Spruceanum 437 72 1,406 63% 
speciosum X obovatum 25 0 0 0 
Spruceanum X cacao 159 0 0 
Spruceanum X bicolor 97 0 0 0 
Spruceanum X microcarpum 102 0 0 0 
Spruceanum X grandiflorum 102 0 1) 0 
Spruceanum X Mariae 13 0 0 0 
Spruceanum X subincanum 101 0 0 0 
Spruceanum X obovatum 102 0 0 0 
Spruceanum X speciosum 41 32 62 52% 
microcarpum X cacao 395 0 0 0 
microcarpum X bicolor 161 0 0 0 
microcarpum X grandiflorum 500 0 0 0 
microcarpum X Mariae 490 0 0 0 
microcarpum X obovatum 500 0 0 0 
microcarpum X subincanum 187 0 0 0 
microcarpum X speciosum 176 0 0 0 
microcarpum X Spruceanum 1,786 0 0 0 
Martae X microcarpum 353 0 0 0 
Mariae X Spruceanum 426 0 0 0 
Martae X speciosum 235 0 0 0 
Mariae X obovatum 1,214 0 0 0 


most extensively cultivated species. Hy- 
brid seeds are produced in the crosses 
subincanum X grandiflorum and the re- 
ciprocal, speciosum X Spruceanum and the 
reciprocal, grandiflorum X obovatum, and 
subincanum X obovatum. Reciprocals of 
the two last named crosses have so far failed 
to give hybrid seeds. It must however be 
noted that obovatum is, in contrast to 
other species with the exception of some 
cacao strains, self-fertile, and this fact 
makes the hybridization work with this 
species especially difficult. T. bicolor, 
when pollinated by cacao, speciosum, and 
Spruceanum, gives fruits which do not 
reach maturity but fall off after growing 
to about 10 cm. in length. It may be 


noted that the abscission of the fruits is a 
characteristic of the species bicolor, but in 
bicolor it takes place when the fruits are 
ripe. In the reciprocal crosses, the fruits 
attain no more than 3 cm. in size, and die 
off. 

Obtaining hybrid seeds does not insure 
production of hybrid plants because of the 
deficient germination of the seeds, as in- 
dicated in table 1. The seeds of the pure 
species give, in most cases, between 90% 
and 100% germination. 


Tue F, Hysrips 


As shown above, only some of the many 
species combinations have produced viable 
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hybrid seeds. The characteristics of the 
hybrids obtained are as follows. 

T. grandiflorum xX T. obovatum. In 
1949, several hundred hybrid seeds ger- 
minated in baskets with sandy soil. Many 
of the seedlings were transferred in a lath 
house. Of these, 7 died, 7 are at present 
(1952) dwarfs or semi-dwarfs, and 22 
grew normally. Other seedlings (328) 
were transplanted in the field; only 50 of 
them are alive at present. The slow grow- 
ing hybrids, and some of the normally 
growing ones, show a characteristic necro- 
sis of the tips of the leaves, and sometimes 
of as much as a half of the leaf blade. 
Only 14 hybrid plants appear to be normal 
both with respect to the growth and of the 
condition of the leaves. 

Seven pollinations were made using the 
F, hybrids as mothers and T. obovatum 
as father. No fruits were obtained. A 
total of 103 pollinations of the hybrids by 
the pollen of 7. grandiflorum gave 63 
fruits, 20 of which matured and produced 
354 seeds, most of which germinated suc- 
cessfully. Of the 135 pollinations with hy- 
brid pollen on T. grandiflorum stigmas, 
only 8 gave fruits with a total of 161 seeds. 
These seeds also germinated successfully. 
The backcross to T. obovatum as mother 
has not matured yet. 

The fruits produced by the hybrid 
plants are, on the average, 78 mm. long 
and 44 mm. in diameter; in T. obovatum 
the corresponding dimensions are 51 X 34 
mm., and in grandiflorum 158 x 92 mm. 
A hybrid fruit contains, on the average, 
12 seeds, while the parents have respec- 
tively 6 and 38 seeds. The taste of the 
hybrid fruit is likewise intermediate be- 
tween the parents. So is the external ap- 
pearance of the surface of the fruits. A 
trait which is dominant rather than inter- 
mediate in the hybrids is the falling off of 
the mature fruits from the tree, which also 
occurs in grandiflorum. 

T. grandiflorum X T. subincanum, This 
cross produces seeds which germinate well 
and give seedlings that are normally vi- 
able. In 1949, a total of 45 hybrid seed- 
lings were planted in a lath house. They 


grow quite normally, and do not show the 
necrosis of the leaves observed in the 
grandiflorum X obovatum hybrids (see 
above). The hybrids, like the subincanum 
parent, have the young stems flexible and 
nodding until hardened: the grandiflorum 
parent does not show this trait. These 
hybrids have flowered in 1952. The ap- 
pearance of the flowers in the hybrids is 
intermediate between the parental species. 

T. subincanum X T. grandiflorum. 
These hybrids are not appreciably dif- 
ferent from the preceding ones. 

T. subtcanum X T. obovatum. This cross 
also produces good seeds and viable seed- 
lings. In 1949, 56 seedlings were planted 
in the lath house. The hybrids are about 
as small as the obovatum parents of cor- 
responding age. Some of the hybrid 
plants show disturbances in the formation 
of the leaves but others appear to be per- 
fectly normal. Only three hybrid trees 
have flowered to date; their pollen grains 
appeared to be normal in the iodine solu- 
tions. Attempts to obtain a backcross 
progeny by pollinating the hybrids with 
subincanum pollen gave, so far, no fruits. 
Some fruits have nevertheless been ob- 
tained by using the pollen of a third spe- 
cies, grandiflorum. 

T. Spruceanum X T. speciosum. The 
35 seedlings which germinated in 1949 
were planted in a lath house and gave rise 
to apparently healthy trees. The parental 
species are rather similar in appearance 
of the leaves and in their general habitus ; 
with respect to whatever differences can 
be noted between them, the characteristics 
of speciosum seem to be dominant in the 
hybrids. Thus far 5 hybrids have flow- 
ered ; the flowers are intermediate between 
the parents. Pollination with Spruceanum 
pollen gave rise to many fruits which, 
however, failed to grow beyond about 2.5 
cm. in length. This may be due to the 
youth of the hybrids. It may be noted 
that Spruceanum flowers at the age of 
about 114 years, while speciosum reaches 
flowering when 5 or more years old. The 
early flowering trait is then, dominant in 
the hybrids. 
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TABLE 2. The numbers of grafts made (the upper figures in each cell), of grafts that took (the lower 
figures), and development of the scions in species of Theobroma 


N—the scion grows normally; SN—subnormal growth of the scion; M—the scion becomes 
about 30 cm. long and then dies off; F—the scion develops some leaves and then dies; D—the scion 


dies soon after the beginning of growth. 


Scion — grandi- spect- subin- Spruce- micro- obova- 
Stock cacao bicolor florum osum canum anum carpum Mariae tum 7 
} 
cacao 20 20 34 50 34 20 30 20 34 Q 
16 9 20 28 18 15 20 2 18 t 
N M F M F M SN D M 
t 
bicolor 35 20 35 40 35 20 35 35 40 d 
19 11 22 20 15 15 4 ‘ 
D N D SN D SN D D D ‘ 
grandiflorum 24 20 20 40 23 20 20 20 23 
4 4 8 10 8 9 6 9 
F F N SN N F D D N 
speciosum 35 20 35 40 35 20 35 35 39 tl 
17 7 31 3 19 9 rt 
D N D N D N D D D ct 
subincanum 24 25 20 25 20 25 24 25 25 if 
24 23 17 22 15 16 13 13 11 | 
F D N M N M D D N , 
Marte 20 20 20 20 20 20 20 20 20 ot 
3 3 15 20 13 10 20 18 ‘i 
D F F F F F D N F nd 
obovatum 20 20 20 20 20 20 20 20 20 SU 
18 16 17 6 19 13 10 2 13 Ca 
| D B N F N M D D N si 
gi 
in 
T. speciosum X T. Spruceanum. These GRAFTING vi 
hybrids were planted in the field and de- Experiments were made grafting the in; 
veloped into trees which resemble those  puds from the stem of one species to that tw 
of the preceding cross which or = the of another individual of the same or of a = 
lath house. Thus far only a single tree different species. The results are sum- mi 
has flowered. marized in table 2. = 
I’. cacao X f. grandiflorum. As shown It can be seen that all the intraspecific - 
' in table 1, this cross gives rise to many grafts that take develop normally. Among the 
hybrid seeds, although the number of the interspecific grafts much variation is _ 
seeds per fruit is lower than that in pure observed. The three species grandiflorum, 5 
| cacao. The germination of the hybrid obovatum, and subincanum can be grafted = 
. seeds is nevertheless poor, and few seed- reciprocally with ease. The scion of on 
; lings reach as much as 15 cm. in height. grandiflorum and subincanum gave dwarf wee 
. Those hybrid seedlings which grow push trees when grafted on obovatum stocks, — 
the cotyledons out of the soil, resembling since obovatum is the smallest of the three 7" 
in this respect the cacao parent. No hy-_ species. Speciosum can also be grafted h 
brids have grown anywhere near the flow- on grandiflorum; one of the grafts has at- me 
ering stage. tained 120 cm. in height, but died there- mc 
as 
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after. Another well defined group are /i1- 
color, speciosum, and Spruceanum, al- 
though bicolor is less closely related to the 
other two than the latter are to each 
other. When bicolor is used as scion and 
Speciosum as stock, some grafts develop 
a callosity at the locus of the graft, which 
has a tendency to sprout roots. Spruce- 
anum is a smaller plant than its two rela- 
tives, and when it is grafted on speciosum, 
the scion grows more vigorously than it 
does on its own roots. The scions of 
microcarpum develop fairly normally on 
cacao. 
DIscUSSION 

The data presented above demonstrate 
the existence, in Theobroma, of a far 
reaching, although by no means perfect, 
correlation between the outcomes of hy- 
bridization and of grafting experiments. 
In general, the species which produce hy- 
brid progenies, or at least hybrid seeds, 
can be grafted successfully onto each 
other. Vice versa, where the interspecific 
grafts die off hybridization is usually im- 
possible. Thus, the three species, T. 
subincanum, grandiflorum, and obovatum, 
can exchange grafts freely, all nine pos- 
sible combinations of sciens and _ stocks 
giving normal growth (table 2). Sub- 
incanum and grandiflorum also produce 
viable hybrids, the reciprocal crosses be- 
ing alike ; obovatum crosses freely with the 
two other species when used as a male par- 
ent, but not as a female (table 1). Nor- 
mal or subnormal growth is also observed 
in reciprocal grafts of the three species 
speciosum, Spruceanum and bicolor. Of 
these, Spruceanum and speciosum can be 
crossed in either direction, but bicolor 
gives no hybrid seeds with either of the 
two other species. The scions of micro- 
carpum grow reasonably well on cacao, 
and the cross cacao X microcarpum does 
not give a viable progeny, as the reciprocal 
one. 

Whether the success of hybridization on 
the one hand, and the outcome of grafting 
on the other, have a common physiological 
basis is a matter of speculation. However 


that may be, the data at our disposal per- 
mit the following division of the nine 
Theobroma species into four groups: 


I II III IV 


subincanum cacao speciosum Martae 
grandiflorum microcarpum Spruceanum 
obovatum bicolor 


This classification, based on experi- 
mental data, agrees with, or at least is not 
contradicted by, the morphology of the 
species concerned. 

In conclusion, it may be pointed out that 
the species of Theobroma are remarkable 
by the completeness of the reproductive 
isolation which prevents the gene ex- 
change between them. Hybridization of 
these species in their natural habitats is 
less probable than that of species of many 
other genera of plants. The rather exten- 
sive field work of the authors and of their 
colleagues in different parts of Amazonia 
has thus far failed to detect any natural 
hybrids between species of Theobroma. 
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SUMMARY 


Experiments have been made _ inter- 
crossing the nine species of Theobroma 
which occur in Amazonia. Most cross 
pollination gives no normally maturing 
fruits, but some crosses result in produc- 
tion of hybrid seeds. Hybrid seeds ger- 
minate in some cases with difficulty, and 
the seedlings often show a lowered viabil- 
ity. Only some adult hybrids have been 
obtained, but these have proved at least 
partly fertile. Buds of some species when 
grafted onto others fail to develop, while 
in other combinations of species the scions 
grow normally. The degrees of success 
of interspecific hybridization and of graft- 
ing show a strong positive correlation. 
A classification of the nine species based 
on the experimental data is proposed. 


* 
~ 
t 
+3 
> 
Wat 19 
— 
i ce 
i 
3 
le: 
mp 
a 
4 
i 
4 
} 
Wi 


386 GEORGE ADDISON AND ROSENDO TAVARES 


LITERATURE CITED 


Apptson, G., AND R. TAVARES. 1952. Ob- 
servacoes sObre as especies do genero Theo- 
broma que ocorrem na Amazonia. Bol. 
Tecn. Inst. Agron. Norte (in press). 

Ducxe, A. 1940. As especies brasileiras de 
cacau (genero Theobroma L.), na botanica 


sistematica e geografica. Rodriguesia, 4: 
265-276. 

Posnette, A. F. 1945. Interspecific pollina- 
tion in Theobroma. Trop. Agriculture, 22: 
188-190. 

Scuuttes, R. E. 1943. Plantae Austro-Ameri- 
canae. I. Caldasia, 6: 11-26. 


ac: con 
ma 
194 
dee 
tive 
can 
dev 
of 1 
size 
par 
(H 
as 
foll 
193 
1 
sear 
tute 
has 
per. 
part 
clud 
phy: 
to t 
folle 
intr 
ing. 
sofa 
com 
evol 
that 
phy! 
this 
the 
rela 
tion: 
in 1 
sens 
lom 
cont 
four 
tive 
for 
gani 
but 
| Evo 


ONTOGENETIC AND EVOLUTIONARY ALLOMETRY ''* 
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INTRODUCTION 


The insight that changes in proportion 
connected with increase of body size are a 
major factor in evolution (cf. Bertalanffy, 
1942, 1951; Rensch, 1947), has lent a 
deeper significance to studies on the rela- 
tive growth of organs. Relative growth 
can be considered either with respect to 
development, i.e., comparing individuals 
of the same species and different age and 
size ; or with respect to evolution, t.e. com- 
paring adult individuals of related species 
(Hersh, 1941). In general, ontogenetic 
as well as evolutionary relative growth 
follows the law of allometry (Huxley, 
1932).2. However, notwithstanding the 


1 Supported by grants from the National Re- 
search Council and the National Cancer Insti- 
tute of Canada. 

2Since the terminology of relative growth 
has been subject to many discussions, it may be 
advisable to define the terms as used in this pa- 
per. Allometry is the relative increase of a 
part of an organism (in the widest sense, in- 
cluding morphological, biochemical components, 
physiological characteristics, etc.) with respect 
to the size of the body (or another part), and 
following the power formula (1). The terms 
intraspecific and interspecific are self-explain- 
ing. Intraspecific allometry is ontogenetic in- 
sofar as growing animals of different size are 
compared. If interspecific allometry is called 
evolutionary, this does not necessarily imply 
that the forms under consideration represent a 
phylogenetic series. Evolutionary allometry in 
this narrower sense can be established only in 
the relatively few cases where the phylogenetic 
relations are sufficiently known (e.g. evolu- 
tionary allometry in horses: Robb, 1935-37; 
in titanotheres: Hersh, 1934). In the wider 
sense, as used in this paper, evolutionary al- 
lometry signifies the relative increase of organs 
connected with the increase of body size as 
found in series of mammals. Ontogenetic rela- 
tive growth is also called heterauxesis, while 
for absolute-size allometry (comparison of or- 
ganisms of corresponding stage, usually adults, 
but of different groups as races, varieties, spe- 


Evo.uTtion 6: 387-392. December, 1952. 


great number of investigations on allo- 
metry, the question of the relation between 
ontogenetic and evolutionary allometry is 
rather little studied. The problems in- 
volved were envisaged especially in the 
recent work by Rensch (1948, a, b) who, 
however, gives a large amount of inter- 
specific, but few intraspecific data. The 
present study is a contribution to the prob- 
lem of the connection between both kinds 
of allometry. 


ALLOMETRIC GROWTH OF SOME ORGANS 
OF THE RAT 


The data presented here were obtained in 
connection with an investigation on the rela- 
tion between tissue respiration and body size 
(Bertalanffy and Pirozynski, 1951, and work 
in press; Pirozynski and Bertalanffy, 1951). 

Male and female albino rats (Wistar strain) 
were used. All animals were killed by break- 
ing the cervical vertebrae. The organs, t.e. 
heart, liver, thymus, lungs, kidneys, and brain, 
were immediately removed and placed in ice 
cold saline as necessary for the Warburg tech- 
nique. The larger blood vessels and nerves as 
well as the connective tissue were carefully re- 
moved from the organs, especially from lungs, 
heart, and brain. All organs were dried by 
gentle touching with hard filter paper prior to 
weighing in order to remove the blood. and 
saline. Coagulated blood in the heart ventricles 
was removed by means of a fine forceps. 

The facts that the preparations were made in 
accordance with the needs of the Warburg tech- 
nique (transfer of the organs into saline and 
storing in ice), and that the factor of age was 
not considered (animals of equal body weight 
may, of course, be of different age), may partly 
account for the range of variations. Variability 
might be less if the determinations had been 
made with the sole purpose of determining or- 
gan weight. 


cies, genera) the term allomorphosis is used 
(Needham and Lerner, 1940; Huxley, Needham 
and Lerner, 1941; Reeve and Huxley, 1945, p. 
123) which, for our present purposes, corre- 
sponds to evolutionary allometry. 
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Fic. 1. Relative growth of the liver in albino 
rats. In this, as in the following figures, the 
heavy line indicates the logarithmic regression, 
the two paralleling lines, the standard error in 
per cent, including 2/3 of the cases. O = males, 
@ = females. 


Organ growth in the rat was studied in clas- 
sical papers by Hatai (1913), Jackson (1913), 
and Donaldson and Hatai (1931) (cf. also Don- 
aldson, 1924, Tables 144-146). The observa- 
tions to be presented here essentially confirm 
these older results, but offer some new points 
of view. 

Our data are calculated according to the 
allometry equation: 


y = bx® 


(y= weight of organ, += body weight, 2, 
constants), giving a straight line in the log-log 
plot. The statistical evaluation of the data, 
including the calculation of the allometry ex- 
ponent 4, the integration constant }, the stand- 
ard error Stogy-tog2), and the correlation 
coefficient p, was made according to the method 
indicated by Brody (1945, p. 398 ff.). 
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Fic. 2. Relative growth of the brain in albino 
rats. 


Our results are given in figures 1-6, 
and table 1. All organs under considera- 
tion show negative allometry in relation 
to body size, although to a different ex- 
tent. A comparison of a number of data, 
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Fic. 3. Relative growth of the heart in albino 


rats. 


intraspecific and interspecific, is given in 
table 2. This table illustrates the fact that, 
suitable methods presupposed, the values 
obtained by different observers and in dif- 
ferent series of animals are practically 
identical or, in other words, that the al- 
lometry exponent is a reproducible con- 
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Fic. 4. Relative growth of the lungs in al- 
bino rats. There might be a slight sexual dif- 
ference in the relative growth of the lungs since 
the data could be represented by two regression 
lines of equal slope (4), but with b somewhat 
lower for the females than for males. 
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Fic. 5. Relative growth of the kidneys in albino 
rats. 


stant characteristic of a certain group. 
On the other hand, inconsistencies in- 
dicate that either the standards of mea- 
surement were different, or else that the 
reliability of the data is doubtful. Some 
remarks may be made with respect to 
particular organs. 

Liver. Apart from the thymus, which 
undergoes involution after the growth pe- 
riod, the liver is the only one among the 
organs studied here to show an obvious 
break in the allometric curve, occurring 
at about 100 gm. body weight (fig. 1). 
The reality of this break seems to be with- 
out doubt, since it is found in Hatai’s 
data (1913) and Brody’s plot (1945), as 


well as in our data. This size corresponds 


Organ weight in mgms 
sa § 


Body weight in gms 

Fic. 6. Relative growth of the thymus in albino 

rats. 


to the period of beginning puberty. It 
appears that a number of diverse but inter- 
related changes occur at this time: 


1) There seems to be in this region the 
transition from the first to the second 
cycle of total growth (Bertalanffy, 1938, 
1951). 

2) The allometry of basal metabolic 
rate with respect to body size also shows 
a break in this region (Bertalanffy and 
Racine, unpublished). 

3) A corresponding break is found in 
the tissue respiration of liver ( Bertalanffy 
and Pirozynski, in press). Also with re- 
spect to tissue metabolism, the liver is 
(apart from the thymus) the only organ 
investigated to show a break in the allo- 


TABLE 1. Relative growth of some organs 
in the albino rat 


Liver 

Ist cycle 22 1.264 | 20.31 0.117 0.957 

2nd cycle 17 | 0.670} 24.75 0.029 0.770 
Brain 32 0.197 |655.90 0.026 0.946 
Heart 35 | 0.816] 13.32 0.1024 0.967 
Lungs 39 | 0.726} 45.14 0.174 0.896 
Kidneys | 39 | 0.796! 27.32 0.090 0.972 
Thymus 

ist cycle 17 | 0.954 4.092 0.086 0.965 

2nd cycle | 14 | 0.022 3.984 0.099 0.035 


metric plot of the Q,, values which cor- 
responds to the break in the allometric 
growth of the organ. 

4) There is, of course, the involution 
of the thymus (fig. 6), and a correspond- 
ing break is found in the tissue respiration 
of the thymus (Bertalanffy and Pirozyn- 
ski, in press). 


A difference in the relative growth of 
the liver with respect to sex, as stated by 
Rensch (1948 a, p. 350), is not found in 
our data. 

Brain. The brain is the organ prob- 
ably studied most with respect to its rela- 
tive growth, and there is a great number 
of different interpretations (Snell, Lapic- 
que, Dubois, Brummelkamp, von Bonin, 
Count, Portmann, and others; review and 
discussion : Bertalanffy, 1951, pp. 338 ff.). 
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TABLE 2. Intraspecific and interspecific allometry (a-values) of some organs in mammals 


Rat Mature 
Present Brody's mammals 
data calculation Cat Dog Monkey Steers Horse interspecific 
Brain 0.20 0.17! 0.25° 0.30 0.24" 0.667 
0.258 0.6918 
0.58'* 
0.54”! 
Heart 0.82 0.80? 3’ 0.928 1.00, 0.86,0.937 0.69% 0.93" 0.837° 
0.82° 0.82'° 
0.85! 
0.847 
0.98'8 
Lungs 0.73 0.75? 0.828 0.92° 0.584 0.98!" 
0.9918 
Liver Istcycle: Ist cycle: 0.718 0.70% 0.61% 0.878 
1.26 1.14? 0.887 
2ndcycle: 2nd cycle: 0.92" 
0.67 0.68? 
Kidneys 0.80 0.82? 0.65' 0.708 0.85'* 
0.614 0.87'° 
0.767 


1 Donaldson, H. H., and S. Hatai. 1931. J. Comp. Neurol., 53: 263. Calculation by Brody 
(1945): p. 592. 

?Hatai,S. 1913. Amer. J. Anat., 15:87. Calculation by Brody (1945): pp. 597, 625, 626, 627. 

3 Van Liere, E. J., and C. K. Sleeth. 1931. Unpublished data, Univ. West Virginia. Calcula- 
tion by Brody (1945): p. 597. 

‘ Hall, V. E., and W. W. MacGregor. Unpublished data. Calculation by Brody (1945): p. 625. 

*’Lapicque, L. 1898. C. R. Soc. Biol., 50: 784. Calculation by Brody (1945): p. 592. 

® Klatt, B. 1949. Biol. generalis (Wien), 19: 51. 

7 Van Liere, E. J., and C. K. Sleeth. 1931. Unpublished data, Univ. West Virginia. Stewart, 
G. N. 1921. Amer. J. Physiol., 58:45. Calculation by Brody (1945): p. 597. 

8Stewart,G. N. 1921. Amer. J. Physiol., 58:45. Calculation by Brody (1945): pp. 625, 626, 
627. 

*Hrdlicka, A. 1925. Amer. J. Anthropol., 8: 202. Calculation by Brody (1945): pp. 592, 
597, 627. Hrdlicka gives data for different species of monkeys. It is not apparent upon which 
species Brody’s calculation is based. 

10 Missouri data. Calculation by Brody (1945): p. 592. 

" Moulton, C. R., P. F. Trowbridge, and L. D. Haigh. 1922. Missouri Agr. Exp. Sta. Res. 
Bull., 54: 48. Calculation by Brody (1945): p. 597. 

12 Missouri data. Calculation by Brody (1945): p. 626. 

% Crile, G., and D. P. Quiring. 1940. Ohio J. Sci., 40: 219. Calculation by Brody (1945): 


p. 592 


4 Crile, G., and D. P. Quiring. 1940. Ohio J. Sci., 40: 219. Calculation by Brody (1945): 
p. 627. 

% Crile, G., and D. P. Quiring. 1940. Ohio J. Sci., 40: 219. Calculation by Brody (1945): 
p. 626. 

% Crile, G., and D. P. Quiring. 1940. Ohio J. Sci., 40: 219. Calculation by Brody (1945): 
p. 625. 


17 Bonin, G. von. 1937. J. gen. Psychol., 16. 

18 Brody, S. 1945. Bioenergetics and growth. New York: pp. 592, 596, 625, 626, 627. 
19 Quiring, D. P. 1939. Growth, 2: 335 (Ungulates). 

* Klatt, B. 1919. Biol. Zbl., 39: 406. 

*% Quiring, D. P. 1941. Growth, 5: 301-327. 

% Rensch, B. 1948. Zool. Jb. (Physiol.), 61: 337. 
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It appears that, at least in the sense of a 
rough-and-ready formula, evolutionary al- 
lometry in the series of mammals is sur- 
face-proportional (a = 0.66), as was al- 
ready contended by Snell and demon- 
strated by von Bonin (1937). Klatt 
(1949, p. 54), whose work on relative 
growth (since 1919) is pioneering, is of 
the opinion that, as far as intraspecific al- 
lometry is concerned, only the data on 
Man (Dubois) and on dogs (Klatt) are 
reliable. These data give the intraspecific 
Dubois exponent a = % (for the dog, ac- 
cording to Klatt a = 0.25). Our data for 
the rat (fig. 2, a = 0.20) correspond well 
to this exponent. 

Heart. The intraspecific exponent for 
the rat is 0.82 (fig. 3). Interspecifically, 
a similar exponent was found by different 
authors (Klatt, Quiring, Rensch), while 
a much higher exponent (0.98) is stated 
by Brody. The reason for this discrep- 
ancy is not obvious. 


DISCUSSION 


A comparison of allometries in mam- 
mals, intraspecific and interspecific, as 
given in table 2, illustrates an important 
fact. Ontogenetic allometry (heterauxe- 
sis) does not necessarily correspond with 
interspecific allometry (allomorphosis). 
This corresponds to Rensch’s conclusions 
(1948a, p. 386, 1948b), but is confirmed 
on a broader basis by the data given above. 
We must ask what is the meaning of this 
fact. 

It appears that a certain quantitative 
ratio between the organs is necessary for 
the proper functioning of the organism. 
This is expressed by the fact that the law 
of allometry applies in interspecific com- 
parison, 7.e. to adult animals of different 
species. This signifies that the organs 
concerned always stand in a certain pro- 
portion to body size, as expressed by the 
allometry exponent a. To some extent, 
the values of the allometry constants of 
organs are intelligible. Basal metabolic 
rate is proportional, in the series of adult 
mammals “from the rat to the elephant,” 
rather to the 34 power (a = 0.75) than 


to the 34 power (a = 0.67) of weight, the 
latter corresponding to the classical sur- 
face rule of metabolism (Brody, 1945; 
Kleiber, 1947). It is understandable, 
therefore, that organs like kidney, liver, 
and heart, will increase to correspond with 
the demands of metabolism, plus an al- 
lowance as safety-factor, that is, with an ex- 
ponent somewhat greater than 0.75. Inthe 
lung, gas exchange takes place on the sur- 
face. It must grow proportional to weight 
in order that surface (which, neglecting 
anatomical and histological changes, would 
increase as a %4 power of weight) is in- 
creased in such a way as to guarantee an 
oxygen supply necessary if metabolism 
follows the surface (or 34 power) rule. 
Accordingly, the interspecific allometry 
exponent of the lung is approximately 1. 
As far as the brain is concerned, Dubois’s 
conception may be mentioned that the re- 
lations with environment which determine 
the exigencies posed to the nervous sys- 
tem, take place primarily on the body sur- 
face; therefore, the brain will increase in- 
terspecifically rather with the surface or 
the % power of weight than with body 
weight itself. A similar idea was ad- 
vanced by Quiring and Crile (Quiring, 
1941), namely, that the brain regulates 
the heat output and increases, therefore. 
according to the exigencies of metabolism. 

Thus, relative growth eventually leads 
to a “balance of the organs,” to use the ex- 
pression of classical morphology (Goethe, 
Geoffroy St. Hilaire), which is, in a crude 
way, intelligible by considerations like 
those given above. 

This “balance of organs” necessary for 
the proper functioning of organisms be- 
longing to a certain bauplan, and con- 
trolled by selection, has to be established 
in development. Thus, the final state to 
be reached is defined by the balance of the 
organs. However, the initial state will be 
different interspecifically since animals of 
different species are born in different 
states of maturity with respect to the vari- 
ous organs. To reach the prescribed bal- 
ance of organs during the growth period, 
organs in different species must develop 
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with different speed, and this means that 
ontogenetic allometry will vary. Hence, 
the same end result (the balance of organs 
as defined by interspecific allometry) will 
be reached in different ways (ontogenetic 
allometry). This, then, is a case of equi- 
finality as found in many biological proc- 
esses. Equifinality is not a vitalistic fea- 
ture, but is, in principle, derivable from 
the characteristic physical state of the or- 
ganism, namely, its being an open system, 
developing towards a steady state (cf. 
Bertalanffy, 1950). 

Such relation is clear with respect of 
the brain. Since the nerve cells do not 
multiply in postembryonic development, 
relative brain size is high at birth, and, 
since interspecifically proportionality only 
to the 24 power of weight is demanded, 
ontogenetic allometry will be much more 
negative (ca. 0.2 intraspecifically for the 
rat, as compared to ca. 0.66 interspecifi- 
cally for the series of mammals). 


SUMMARY 


1) Allometric growth of some organs 
in the rat is described. 

2) The relations between ontogenetic 
and evolutionary allometry (heterauxesis 
and allomorphosis) are discussed. 
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INTRODUCTION 


Members of the two toad species, Bufo 
americanus and Bufo fowleri,*? apparently 
hybridize in areas where their ranges are 
in contact or overlap. Although natural- 
ists have been aware of the existence of 
hybrids since the turn of the century, little 
intensive study of hybridization in nature 
has been undertaken until recent years. 
Hybridization was assumed by early work- 
ers (Miller and Chapin, 1910; Hubbs, 
1918; Myers, 1927; Pickens, 1927; and 
others) largely from the presence of mor- 
phological intermediates in areas of inter- 
gradation. Blair (1941, 1942) confirmed 
earlier suggestions by demonstrating that 
laboratory crosses between americanus 
and fowleri give rise to viable hybrids, 
which resemble intermediate individuals 
collected in the field. The inference was 
reasonably made that the intermediate 
specimens found in nature owe their origin 
to interspecific crosses. Offspring of sev- 
eral experimental crosses were reared 
through metamorphosis, and male fowderi- 
americanus were backcrossed to female 
americanus and found fertile. Even 
though the hybrids were viable and ap- 
parently fertile, one cannot rule out the 
possibility that such hybrids are at a selec- 
tive disadvantage to non-hybrids in na- 
ture. The relative survival value of the 
hybrids and non-hybrids can only be as- 

1 This work was completed during tenure as 
a University Fellow (1951-1952), Columbia 
University, New York. 

2 Considerable confusion exists in the classi- 
fication of toads. The two toad groups under 
consideration are classically treated as species. 
Recently, Netting and Goin (1946) have listed 
the American toad as Bufo terrestris amert- 
canus, and Fowler’s toad is widely referred to 
as Bufo woodhoust fowlert. 
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sessed by combining experimental investi- 
gations and field observations on alleged 
hybrid and parental populations. 

Unless characters involving some aspect 
of viability or physiological efficiency are 
employed, little selective advantage can be 
attached to any of the morphological types 
encountered in the field. Studies by 
Moore (1949a, b and earlier papers) of 
various species of the genus Kana have 
indicated that a number of embryonic 
characters, such as rate of development 
and temperature tolerance, are closely cor- 
related with geographical distribution of 
the species and represent adaptations on 
the part of each species to environmental 
temperature during breeding. These phys- 
iological characters are highly species- 
specific. In a series of experiments de- 
signed to reveal the adaptive nature oi 
embryological characters in several spe- 
cies of toads, it has been demonstrated 
(Volpe, in preparation) that these char- 
acters are of value as a species-differential 
between americanus and fowleri. Con- 
sequently, these physiological characters 
would furnish a useful criterion of hy- 
bridization, as well as reveal any adaptive 
differences between the hybrid and puta- 
tive parents. 

With this view in mind, an investigation 
was undertaken along three lines. First, 
to explore the possibility of regional dif- 
ferentiation within each species, individ- 
uals from several populations of each spe- 
cies along the eastern coast were studied 
experimentally. This was necessary to 
avoid attributing an expression of geo- 
graphical variation to hybridization. The 
second phase of the investigation involved 
laboratory crosses between the two species 
and observations on the rate of develop- 
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ment of artificial hybrids. If artificial hy- 
brid emybros have a modified rate of de- 
velopment, then one should reasonably ex- 
pect to find deviations from the specific 
parental rates in natural hybrids. Third, 
the resulting data formed a framework for 
the interpretation of field studies and 


N.Y. 


physiological analyses of a local popula- 
tion believed to be of hybrid origin. 

If hybridization takes place, one would 
expect to find the strongest evidence for 
it in those regions where there is the 
greatest opportunity for hybridization. 
The local population investigated at West- 


AMERICANUS @ 
INTERMEDIATE © 
FOWLERI 


Fic. 1. Local distribution of toads. The data are based upon the author’s field 


work and examination of specimens preserved at the Ame 
History. The intermediate populations are represented by: 


rican Museum of Natural 
(1) author’s collection 


(Westwood, N. J.), (2) A. P. Blair’s collection (Oradell, N. J.), and (3) J. A. 


Moore’s collection (Tenafly, N. J.). Overlapping symbols signify that both species 
have been found at that particular locality. 
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wood, New Jersey, constitutes one of sev- 
eral areas in the northeastern part of the 
state where intermediate forms were an- 
ticipated from the regional distribution 
pattern of the two species (see fig. 1). 
Indeed, Blair (1947) has noted individ- 
uals that were assumed to be of hybrid 
derivation at Oradell, New Jersey; and 
Moore (1944) has suggested the occur- 
rence of hybridization at Tenafly, New 
Jersey. The extensive hybridization sug- 
gested by field work at Westwood, New 
Jersey, has been supported by experi- 
mental analyses of adaptive temperature 
characteristics. 


FIELD OBSERVATIONS 


Since the morphological distinctions be- 
tween the two species are imperfectly de- 
fined, the identification of a given individ- 
ual rested upon consideration of the sum 
total of characters of that animal. The 
time of breeding and the mating call of 
the forms served to reinforce impressions 
derived from morphological examination. 
Bufo americanus is the characteristic form 
at higher altitudes, and at a given latitude, 
generally commences breeding two to six 
weeks earlier than Bufo fowleri. In the 
vicinity of New York City, americanus 
usually breeds during the early part of 
April and fowleri generally breeds during 
the middle of May. 

A few observations relating to breeding 
habitats along the eastern coast are of- 
fered as a preliminary study concerning 
any differences in breeding sites of eastern 
representatives of the two species. They 
serve to indicate that a detailed ecological 
analysis is required before conclusions 
may be drawn as to the exact breeding 
habitat preferences of the two species. In 
the Adirondack Mountains, New York, 
the American toad breeds in the slow- 
moving tributaries of permanent lakes, 
which have mostly sand, gravel, boulder 
or natural rock beaches. At Equinunk, 
Pennsylvania, americanus tadpoles were 
collected in the sandy shallows of an eddy 
of the Delaware River; others were found 
in the shallow mudflats of the permanent 


Lake Bigelow at Wayne County, Penn- 
sylvania. Mating pairs of Bufo amer- 
icanus were also taken from temporary 
drainage ditches in the cultivated fields at 
New City, New York. Eastern fowleri 
likewise utilizes both permanent and tem- 
porary bodies of water. Bufo fowleri 
breeds in the temporary rain pools of the 
sand dune areas along the beach shores 
of southern Long Island, New York, and 
southeastern New Jersey, as well as in the 
shallows of permanent ponds in southern 
Long Island and northeastern New Jersey. 
At Winnsboro, South Carolina, actively 
calling fowleri were collected from tempo- 
rary rain pools along roadsides and from 
washes in meadows. In many other areas, 
as well as in some of those mentioned 
above, man’s extensive disturbance of nat- 
ural conditions may have broadened eco- 
logical preferences of each species. 

In the area of suspected hybridization, 
Westwood, New Jersey, the construction 
of the Oradell Reservoir in 1920 trans- 
formed a series of small creeks into a num- 
ber of large shallow ponds. One of these 
permanent, quiet ponds has been studied 
by the writer for a period of two years. 


1951 season: 


In the spring of 1951, two large breed- 
ing congresses developed at the Westwood 
pond, on the evenings of April 28th, 29th, 
30th and May 14th, 15th, 16th. On the 
evenings of April 28th and 29th, the mor- 
phological intermediacy of many of the 
members of the breeding chorus was ap- 
parent. These individuals varied among 
themselves, but they were not identifiable 
as either of the two species. The morpho- 
logical divergence was not in many clearly 
definable independent characters, but 
could be best described as variously inter- 
mediate. Other individuals showed a 
greater influence of fowlert than of ameri- 
Members of this population were 


canus. 
designated as Westwood “a. 

This was the first sign of breeding activ- 
ity in this pond, despite a diligent search 
prior to this time. The American toad 
populations at Bear Mountain, New York, 
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Fic. 2. A comparison of the rate of development of eggs of Bufo americanus from 
different localities. The ordinate represents the rate of development or 1,000 divided 
by the time, in hours, between stages 3 and 20; the abscissa, the temperature in ° Cent. 


and vicinity had already bred, and Fowl- 
er’s toad was not known to have emerged 
as yet. Numerous clutches of eggs were 
found the following evening, but after 
May Ist no further breeding activity could 
be detected in this pond, even after rains. 

On May 15th, fowleri began its breed- 
ing activity in the New York region. 
Their mating calls were heard that eve- 
ning on Staten Island and Long Island. 
A visit to the breeding site at Westwood 


revealed a large chorus of clearly recog- 
nizable fowleri individuals. Members of 
this population were designated as West- 
wood “b.” 


1952 season: 

The spring of 1952 was unusually cold 
until the latter part of April, when marked 
rapid rises in temperature occurred. On 
the late date of April 18th, the American 
toad was found breeding in waters of 
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14° C. at New City, New York; and their 
calls were heard at Montvale, New Jersey. 
The spawning ground at Westwood was 
quiet that evening. On the exceptionally 
warm evenings of April 19th and 20th, 
large breeding congresses were observed 
at Westwood. The temperature of the 
pond water on these evenings measured 
18° C. and 17° C. respectively. A marked 
heterogeneity was noticed in the breeding 
population ; its members ranging from in- 
termediate forms (presumably hybrids) to 
individuals closely resembling, if not be- 
ing, pure fowlert. Individuals referable to 
what is generally considered “good” amer- 
icanus were not found. 

A revisit to the breeding site on April 
22 revealed an unexpected phenomenon. 
The temperature of the pond water had 
dropped to 15° C. A few husky, droning 
notes of fowlert were heard, but these 
were overshadowed by a large chorus of 
peculiar “buzz saw” trills. The latter “hy- 
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brid’ notes were the calls of structurally 
intermediate individuals. As far as could 
be detected, only more or less intermediate 
forms were breeding. 

The 1952 Westwood array is referred 
to in the experiments as Westwood “c.” 

The field work at Westwood suggests 
that the emergence and breeding of the 
different morphological types is correlated 
with temperature conditions in the pond; 
1.e., that even relatively small temperature 
differences result in a detectable shift in 
the composition of the population breed- 
ing at the time. 


EXPERIMENTAL 


A. Temperature adaptations in eastern 
americanus and eastern fowleri 


The search for temperature adaptations 
were concerned with the embryonic stages, 
for it is during this period of the life of 
amphibians that the effects of temperature 
appear to be most marked. Complete de- 
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Fic. 3. A comparison of the average per cent normal development, at each tem- 
perature employed, of eastern embryos of the two species, Bufo americanus and Bufo 
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Fic. 4. A comparison of the rate of development of eggs of Bufo fowleri from 
different localities. Co-ordinates as in figure 2. 


tails on methods of securing and handling 
fertilized eggs for temperature studies can 
be found in Moore (1949a). 

Artificially fertilized eggs from a total 
of 15 mating pairs of Bufo americanus 
from the Adirondack Mountains, New 


York (Marcy Dam and Lake Colden) ; 
New City, New York; Delaware County, 
Pennsylvania; and North Carolina (An- 
drews, Franklin, and Rainbow Springs) 
were studied over a wide range of tem- 
peratures. No differences in rate of de- 
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velopment or temperature tolerance of 
americanus embryos from these localities 
could be detected. 

Figure 2 shows the marked consistency 
in rate of development of embryos of these 
eastern americanus. The embryos are 
characterized by a rapid rate of develop- 
ment, particularly at low temperatures. 
The rate of development was determined 
by examining the embryos at each of the 


constant temperatures at regular intervals 
during development from first cleavage 
(stage 3) to a chosen end-point, gill circu- 
lation (stage 20). The stages of develop- 
ment are defined in Pollister and Moore 
(1937). 

The proportion of survivals at the ex- 
perimental temperatures (fig. 3) indicates 
that 31° C. and 10°-11° C. are the maxi- 
mum and minimum limiting temperatures 
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Fic. 5. A comparison of the mean time, in hours, between stages 3 and 20 at dif- 
ferent temperatures, in degrees Centigrade, of eastern embryos of the two species, 


Bufo americanus and Bufo fowlert. 
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respectively for normal development.* 
Temperature tolerance was determined by 
the percentage of normal development ob- 
served over a range of temperature. A 
temperature at which less than 50% of 
normal development occurred was consid- 
ered as a lethal temperature. 
Experiments conducted on fertilized 
eggs of Bufo fowleri females from New 
Jersey (Westwood “b’’) ; Sanford, North 
Carolina; and Winnsboro, South Caro- 
lina,* revealed no differences in rate of 
development (fig. 4) or embryonic tem- 
perature tolerance. The comparative sur- 
vival of embryos of 9 females from these 
localities throughout the temperature 
range employed is shown in figure 3. The 
results indicate that the limits of tempera- 
ture tolerance are 13°-14° C. and 33° C. 
Marked differences in embryonic rate of 
development and temperature tolerance 
distinguish the two species. At each tem- 
perature tested, eggs of Bufo americanus 
reached the experimental end-point, stage 
20, in less time than that required by 
embryos of Bufo fowlert (fig. 5). For 
example, at 19.4° C., eggs of americanus 
from New York, Pennsylvania, and North 
Carolina reached stage 20 in 89.9 +0.24 
hours (mean and standard error of the 
mean), as compared to 108.9 +0.38 hours 
required by embryos of fowleri from New 
Jersey (Westwood “b’’), North Carolina 
and South Carolina. The differences are 
even more pronounced at lower tempera- 
tures. The conspicuously greater differ- 
ences at low temperature apparently re- 
flect differential adaptations to the water 
temperatures in nature to which the eggs 
of each species are subjected. Bufo fowleri 
rarely breeds at the low environmental 


3A detailed account of the embryological as- 
pects of the influence of temperature on devel- 
opment will be published elsewhere. 

4 Practical considerations have prevented a 
study of pure fowlert from Long Island, New 
York. However, Moore’s brief note (1944) 
on rate of development of fowleri eggs from 
Flushing, L. I. reports a time interval of 107 
hours between first cleavage and gill circulation 
at 19.3° C. This agrees well with my results 
on eastern fowleri. 


temperatures resorted to by Bufo ameri- 
canus. At the experimental temperatures, 
12.5° C. and 15.3° C., the time interval 
between first cleavage and gill circulation 
for eastern americanus embryos averaged 
301.6 +1.54 and 169 +0.97 hours, respec- 
tively. Compared with eastern fowleri 
embryos (599.4 +3.76 hours at 12.5° C.; 
247.6 +1.07 hours at 15.3° C.), this rep- 
resents a developmental acceleration of 
50% and 32%, respectively, for ameri- 
canus embryos. The rapid rate of de- 
velopment of these early-breeding forms 
offsets what would be in other species a 
retarding effect on developmental proc- 
esses of the low temperatures of their 
environment. 

Eastern americanus embryos are able 
to tolerate lower temperatures than east- 
ern fowleri, but are more susceptible to 
higher temperatures. This relationship is 
clearly seen in figure 3. In light of these 
results, the more restricted northern dis- 
tribution of fowleri, and its absence at 
higher altitudes, suggest that embryonic 
temperature tolerance may be an impor- 
tant limiting distributional factor. 

For the present investigation, our in- 
terest mainly centers upon the fact that 
regional differentiation, with respect to 
the physiological characters studied, is 
conspicuously lacking among eastern 
toads. Thus, any modification of develop- 
mental rate may be attributable to the 
effects of hybridization. 


B. Artificial hybridization 


In conducting the laboratory hybridiza- 
tions, the method of artificial fertilization 
was employed. In order to eliminate any 
possible variability caused by individual 
heredity differences, the eggs of a single 
female were used for both the hybrid and 
“normal” crosses. The procedure con- 
sisted of fertilizing the eggs of one female 
in two batches; the first with the sperm 
of the same species (“normal’’), the sec- 
ond with the sperm of the other species. 
Simultaneous observations were made of 
the embryonic rate of development of the 
experimental hybrids and normals at vari- 
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reciprocal hybrids from the maternal rates 


ous temperatures. The following crosses 
occurred, which continued through later 


involving eastern forms were performed: 


(a) fowleri, South Carolina 2 X fowleri, South Carolina ¢ 
americanus, North Carolina 
(b) fowleri, North Carolina 9 x fowleri, North Carolina ¢ 
x americanus, North Carolina ¢ 
(c), americanus, Pennsylvania 2 X americanus, Pennsylvania ¢ 
xX fowlert, South Carolina 
(c), americanus, Pennsylvania 2 X americanus, Pennsylvania ¢ 
x fowleri, South Carolina 


In all these crosses, the results on hy- 
brid rate of development were consistent. 
No developmental irregularities were 
found. At 19.4° C., the embryonic de- 
velopment of the reciprocal hybrids pro- 


stages (table 1). The final effect was that 
the americanus 2 X fowleri ¢ hybrids de- 
veloped slightly more slowly than the 
americanus normals, whereas the hybrids 
of fowlert 2 X americanus ¢ developed 


slightly faster than the fowler: normals. 
Experiments at other temperatures gave 
similar results. 

Temperature tolerance values show 


ceeded synchronously with the rate of the 
maternal species until late gastrulation. 
At the close of the neural plate stage, a 
reverse developmental deviation of the 


TABLE 1. Stages in the development of Pennsylvania Bufo americanus and South Carolina Bufo fowleri 
normals, and hybrids of Pennsylvania Bufo americanus 9° X South Carolina Bufo fowleri @ 
and South Carolina B. fowleri 2 X North Carolina B. americanus @ 


An ‘‘=" sign between two figures indicates that the embryos being compared are indistinguish- 
able in developmental stage attained. A ‘‘>" sign indicates that the embryos in the left column 
are more advanced. A ‘‘<” sign indicates that the embryos in the left column are less advanced. 


Experiment conducted at 19.4° C. 


Stages Stages 
Pa. amer. 9° Pa. amer. 9 S. C. fowlert 2 S. C. fowleri 9 
Age x p Age x x 
(hours) Pa. amer. o S. C. fowlert & (hours) S. C. fowlert & N. C. amer. o 
0 3 3 0 3 3 
3.5 5 = 5 8.2 7 = 7 
13.2 0) = 9 11.2 8 = 8 
16 10e = 10e i4 9 = 9 
18.5 lle = lle 18.5 10e = 10e 
21.7 12e = 12e 21.5 lle = lle 
25 12m = 12m 32.7 l3e = l3e 
27.5 12L = 12L 37.5 l4e < 14m 
37 13L = 13L 41.5 14m < 14L 
39 l4e > 13L 44.5 14L < 15 
41.7 14m > l4e 46.5 16m < 16L 
44.7 16e > 14L 56.2 17e < 17m 
48 16m > l6e 59.2 17 < 17 
51.7 17e > 16L 62.2 17 < 17 
62 17m > 17e 65.7 17 < 17L 
69 18e > 17L 68.5 18e < 18m 
71.7 18m > 18e 80.2 18 < 18 
76.5 19e > 18L 82.5 18m < 18L 
86 19m > 19e 87.5 18L < 19e 
90 20e > 19m-L 90.5 19e < 19m 
93.7 — 20e 94.5 19e—m < 19m-—L 
102.5 19m-L < 19L 
105.5 19L < 20e 


109.0 20e — 
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clearly a maternal influence. Cross (a) 
was maintained at 19.4°, 30.2°, 31.6° and 
32.8° ; Cross (b) was maintained at 19.4°, 
24.6° and 9.6°. Gastrulation was impeded 
in both the normals and hybrids at 9.6° ; 
at the higher temperatures, fairly good 
development typical of fowlert eggs was 
observed. Cross (c), was maintained at 
19.4°, 30.2°, 31.6° and 32.8°; Cross (c). 
at 19.5°, 24.5°, and 15.3°. At tempera- 
tures above 30°, the hybrids fared no 
better than the americanus normals. 
Thus, it is seen that the reciprocal hy- 
brid rates of development and temperature 
tolerance are not intermediate, but are 
more or less like the respective maternal 
forms. In this way, loss of these hybrid 
embryos through unfitness to existing con- 
ditions is avoided. It seems fair to pre- 


EASTERN AMERICANUS WESTWOOD & 


sume that in nature each society is capable 
of supporting the progeny resulting from 
reciprocal crosses. 


C. The Westwood population 


The experimental results of the two 
years’ collection at Westwood are con- 
sidered separately. 

The development of six groups of West- 
wood “a” embryos was studied. Data on 
temperature tolerance and rate of develop- 
ment are compared to the data of eastern 
americanus and eastern fowlert. Embryos 
of three Westwood “a” females were 
raised at the wide span of temperatures 
normally employed; eggs of three other 
females were maintained only at 19.4°. 
At 9.6°, all three groups of embryos de- 
veloped as far as the tail-bud stage, and 


EASTERN FOWLERI 
(NCL. WESTWOOD ‘B’) 


YEAR 195! | 
WESTWOOD 
YEAR 1952 34 | 
AMERICANUS «HYBRID BACKCROSS FOWLERI> 
90 95 100 10S Te) HOURS 
COMPOS! TE | H A 
160 180 200 220 240 260 HOURS 
COMPOS! TE x 
24.5 R oo | 
| | T if 
44 46 48 50 52 54 55 HOURS 


Fic. 6. A summary and comparison of the development of fertilized eggs of mating pairs 
of eastern americanus, eastern fowleri, and the two years’ Westwood population at three tem- 
peratures, 19.4°, 15.3° and 24.5°. Each square represents the time, in hours, between stages 
3 and 20 of a cluster of fertilized eggs of a single female. For other explanation, see text. 
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Fic. 7. 


A log. time- log. temperature plot of the mean time, in hours, between 


stages 3 and 20 at different temperatures, in degrees Centigrade, of embryos of 
eastern americanus, the Westwood “a” population, and of eastern fowler. 


died. Eastern americanus eggs at this 
temperature developed past the tail-bud 
stage, whereas eastern fowleri eggs at 9.6° 
failed to survive beyond gastrulation. At 
12.5°, development was normal which com- 
pares well with the reaction of americanus 
eggs at this temperature. The embryos did 
not show the low temperature defects ex- 
hibited by fowleri eggs at 12.5°. At 19.4°, 
24.5°, 29.1° and 30.2°, development was 
normal. At 31.6°, a temperature found 
to be generally fatal to americanus eggs, 
the Westwood “a’’ embryos were better 
adapted. Thus, the embryos of the more 


or less intermediate individuals appear to 
combine the embryonic temperature toler- 
ance characteristics of each species. 


The most interesting feature of the 
Westwood “a” embryos was their inter- 
mediate rate of development. At 19.4°, 
a temperature chosen for the accumula- 
tion of the most data, the time interval be- 
tween first cleavage and gill circulation 
averaged 98.5 +0.43 hours (mean and 
standard error of mean). At this same 
temperature, eggs of eastern americanus 
reached stage 20 in 89.9 +0.24 hours, 
whereas eastern fowlert embryos required 
108.9 +0.38 hours. The differences are 
significant. This relationship is repre- 
sented in histogram form (fig. 6, top 
column), which shows that the rates of 
development of Westwood “‘a” embryos at 
19.4° are quite distinctive, and do not fall 
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within the range of variability of either of 
the two species. The intermediate rate of 
development throughout the temperature 
range employed is readily apparent when 
the data are plotted on a log. scale (fig. 7). 

The results of the 1952 experiments are 
best presented in histogram form (fig. 6, 
second column), which permits ready 
comparison with the 1951 results. Very 
striking gradations were observed in the 
rates of development of the different 
groups of fertilized eggs derived from nine 
Westwood “c’’ females. We find types 
with the intermediate rate of develop- 
ment, progressing toward, and including, 
the slow rate characteristic of pure fow/eri. 
The different experimental mating pairs 
were arranged according to visible char- 
acters from hybrid tendencies to “pure” 
fowleri (nos. 1-9 in the second column of 
fig. 6). The difficulty of distinguishing 
between individuals of partial hybrid an- 
cestry and those of the uncontaminated 
fowleri stock is reflected in the disturbed 
order toward the fowleri range of the 
scale. It is also of considerable interest 
to note that the rates of development of 
two clusters of eggs derived from two mat- 
ing pairs captured on the cool evening of 
April 22, 1952, when only more or less 
intermediate forms were breeding, are 
represented by nos. 1 and 3. 

Analyzing the composites for the two 
years’ results at 19.4°, 15.3°, and 24.5° 
(fig. 6), the Westwood population is char- 
acterized by morphological intermediates 
(hybrids), whose embryos possess an in- 
termediate rate of development; fowleri 
individuals, with embryonic temperature 
characteristics like those of pure fowleri 
found in other localities; and experimen- 
tally detected backcross individuals. 


DISCUSSION 


There seems to be no interspecific steril- 
ity between Bufo americanus and Bufo 
fowlerit. Apparently, the gene complexes 
determining the rates of physiological 
processes in each species are interchange- 
able without detrimental effects in the 
progeny. Such a situation may be advan- 


tageous, for new adaptive peaks may be 
realized from hybrid combinations. In 
areas where the ranges of americanus and 
fowleri overlap, intrinsic isolating mecha- 
nisms have not developed, and there is no 
reason to suppose that such barriers to 
hybridization will appear. Dobzhansky 
(1941) has proposed that reproductive 
isolating mechanisms develop through nat- 
ural selection against the loss of fitness 
which occurs when two species hybridize. 
Conversely, it seems plausible that natural 
selection would not promote the establish- 
ment of reproductive isolating mechanisms 
if no loss of fitness results from intercross- 
ing between two species. As far as one 
can tell, the viability and fertility of the 
experimental hybrids of americanus and 
fowlerit are normal (Blair, 1941, 1942). 
The present investigation indicates that 
morphologically and physiologically in- 
termediate individuals, considered to be 
hybrids, are able to survive in nature. 

The possibility that the observed inter- 
mediates from Westwood, New Jersey, are 
chance recombination products of Bufo 
fowleri is unlikely as one would not expect 
such large numbers of extreme variants. 
They probably do not represent geograph- 
ical variants, since experimentation has 
shown that regional differentiation in the 
physiological characters studied is lacking 
among eastern representatives of the two 
species. They may represent americanus 
individuals which have converged toward 
fowleri characteristics through parallel 
selection of similar genes. For the pres- 
ent, at least, this unworkable hypothesis 
may be discounted. All the available in- 
formation on the geographical distribu- 
tion, habitat selection, and breeding be- 
havior of the parental species is quite in 
harmony with the view of hybridization. 

Individuals from Westwood range from 
intermediates (hybrids) to pure fowdlert, 
and are distinguishable from one another 
by the response of their embryos to tem- 
perature. The experimental data suggest 
that the population as a whole consists 
predominantly of intermediates and pure 
fowlert, with a limited number of back- 
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cross individuals occupying a trough be- 
tween the two apparent peaks. This may 
not be the actual case. Prior to experi- 
mentation, the developmental rates of em- 
bryos of morphologically diagnosed hy- 
brids and morphologically diagnosed 
fowler: could be predicted with a fair de- 
gree of accuracy. However, the experi- 
mentally detected backcross individuals 
could not be determined beforehand by 
the writer on a purely morphological basis. 
In other words, the lack of a greater num- 
ber of experimental cases of individuals 
of backcross origin may be a sampling 
error based on uncertainty of morpho- 
logical recognition of such forms. More 
extensive physiological data would be nec- 
essary to characterize the population with 
more assurance in terms of relative fre- 
quency of different types. 

It is generally acknowledged that phys- 
iological differences between species seg- 
regate in the same manner as morpho- 
logical ones. If this pertains to the initia- 
tion of breeding in toads, then one result 
of hybridization would be the formation 
of a variety of individuals, each of which 
would require its own peculiar set of con- 
ditions for breeding. At Westwood, rec- 
ognizable intermediate individuals appear 
to emerge earlier and breed at lower water 
temperatures than recognizable fowler: in- 
dividuals. The different requirements for 
breeding of hybrid adults may be causally 
associated with the different temperature 
adaptations of the hybrid embryos. It 
may be inferred that the intermediates re- 
semble fowler: sufficiently in their eco- 
logical requirements to survive and com- 
pete with them, as well as possess certain 
ecological advantages which enable them 
to maintain themselves as such in con- 
siderable numbers. Whether sufficient 
selection pressure has been exerted on the 
early-breeding hybrids so that they would 
not be considered as part of the fowlert 
breeding community must await the ac- 
cumulation of considerably more data than 
are now available. 

The maintenance of recognizable, early- 
breeding intermediates depends upon the 
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extent of backcrossing to fowleri. Exten- 
sive gene flow can neutralize the effects of 
different selection pressure in the hybrid 
and later-breeding fowleri individuals. 
Intensification of preferential matings 
could, however, mitigate the swamping 
effects of gene flow. 

The net result of continual backcrossing 
or introgression would be one of impart- 
ing greater variability to the fowleri group. 
Such a situation is, in a sense, a negative 
one for evolutionary processes since the 
adaptive fitness of the specialized fowleri 
stock would be decreased. Yet, the re- 
sultant increase of potential variability 
through introgression “buffers” the spe- 
cies against changing environments. 

Two years of collecting at Westwood 
have failed to reveal the presence of in- 
dividuals with predominantly americanus 
characteristics. However, the American 
toad has been reported from Westwood. 
A “good” americanus specimen dating 
back to May 3, 1930, and marked “West- 
wood, N. J.” appears in the collection at 
the American Museum of Natural History 
(AMNH A36740). 

Irrespective of which species originally 
inhabited the area, the presence today of 
fowleri to the exclusion of americanus in- 
dicates that the former is better adapted to 
prevailing conditions. Considering the 
above point, certain conjectures relating 
to the absence of americanus at the West- 
wood pond may be permitted. In the seg- 
regative hybrid population which arose 
when one species invaded and hybridized 
with the other, it may be supposed that 
only those individuals most nearly resem- 
bling fowler: in ecologically important 
characters proved superior and were se- 
lected. In competition with the great 
variety of hybrids containing adaptively 
valuable fowler: alleles, the original invad- 
ing or formerly established americanus 
population was displaced. It is also con- 
ceivable that the americanus characteris- 
tics have been largely “absorbed’”’ by ex- 
tensive back-crossing to the more abun- 
dant fowlert individuals. As another al- 
ternative, it may be proposed that the 
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americanus population has migrated. If 
the emigrants have spread out elsewhere, 
then one may possibly perceive a “cline of 
hybridization.” In other words, ameri- 
canus individuals in closely adjacent areas 
may show fow/leri influences, although the 
visible effects may be so slight as to escape 
detection. 

It is hoped that future investigations 
will shed some light on these and other 
possibilities. 

SUMMARY 


Field observations of the apparently 
successful establishment of hybrids of 
Bufo americanus and Bufo fowleri at 
Westwood, New Jersey, have been con- 
firmed by experimental analyses. 

Two physiological characters, embryonic 
rate of development and embryonic tem- 
perature tolerance, have been demonstrated 
to provide a uniform and constant dif- 
ferential between the two toad species. 
The usefulness of these adaptive embryo- 
logical characteristics as a criterion of hy- 
bridization is attested by the fact that 
embryos of presumed natural hybrids ex- 
hibit an intermediate rate of development. 

The hybrids at Westwood differ among 
themselves, some of them being clearly in- 
termediate between the two species, others 
resembling fowleri more than americanus. 
Bufo fowleri is found in abundance at this 
particular locality, but individuals with 
predominantly americanus characteristics 
are apparently lacking. Prior to experi- 
mentation, the obvious intermediates and 
the recognizable fowleri could be predicted 
to have characteristic rates of develop- 
ment. Backcross individuals are difficult 
to distinguish morphologically, but their 
hybrid ancestry can be detected by the de- 
parture of their embryonic rates of de- 
velopment from the group averages. 


ACKNOWLEDGMENTS 


I wish to express my sincere gratitute to 
Dr. John A. Moore for his guidance, criti- 


cism and encouragement throughout the 
course of this research. I also wish to 
extend my appreciation to Mr. Charles 
Bogert of the American Museum of Nat- 
ural History for making available to me 
the preserved Amphibian collections. I 
am also indebted to Dr. Ernst Mayr for 
his helpful criticisms of the manuscript. 
In addition, I wish to thank all those kind 
persons, too numerous to mention, who 
accompanied me on field trips. 


LITERATURE CITED 


Biarr, A. P. 1941. Variation, isolating mech- 
anisms, and hybridization in certain toads. 
Genetics, 26: 398-417. 

1942. Isolating mechanisms in a com- 
plex of four species of toads. Biological 
Symposia, vi: 235-249. 

—. 1947. Variation of two characters in 
Bufo fowleri and Bufo americanus. Ameri- 
can Museum Novitates, 1343: 1-5. 

DoszHANsKy, TH. 1941. Genetics and the 
origin of species, 2nd ed.: 446 pp. Colum- 
bia University Press, New York. 

Husss, C. L. 1918. Bufo fowleri in Michigan, 
Indiana and Illinois. Copeia, 55: 40-43. 
Mitten, W. DeW., J. 1910. 
The toads of the northeastern United States. 

Science, new ser., 32: 315-317. 

Moore, J. A. 1944. Embryonic temperature 
tolerance and rate of development in popu- 
lations of the Bufo americanus-Bufo fowleri 
complex. Year Book Amer. Phil. Soc., 
1944: 157-158. 

1949a. Geographic variation of adaptive 
embryological characters in Rana pipiens 
Schreber. Evol., 3: 1-24. 

—. 1949. Patterns of evolution in the 
genus Rana. In Genetics, paleontology and 
evolution, ed. Jepsen, G. L., G. G. Simpson 
and E. Mayr. Princeton University Press, 
New Jersey. 

Myers, G. S. 1927. The differential charac- 
ters of Bufo americanus and Bufo fowleri. 
Copeia, 163: 50-53. 

Nettinc, M. G., ano J. G. Gorn. 1946. The 
correct names for some toads from eastern 
United States. Copeia, 2: 107. 

Pickens, A. L. 1927. Amphibians of the up- 
per South Carolina. Copeia, 165: 106-110. 

PoLiisterR, A. W., AND J. A. Moore. 1937. 
Tables for the normal development of Rana 
sylvatica. Anat. Rec., 68: 489-496. 


pi 
ni 

| 

| T 
is 
A 

m 

| to 
cit 
th 
m 

cu 
fe: 

of 
an 
an 
TI 
ne 
19 
Bc 
m: 
in 
me 
ch 
Ke 
A 
sin 

bai 

lar 
ica 
5\ 
the 
chi 
Ev 


COMPETITION BETWEEN 


AND DROSOPHILA SIMULANS. 


DROSOPHILA MELANOGASTER 


I. POPULATION 


CAGE EXPERIMENTS 


JoHn A. Moore 


Departments of Zoology, Barnard College and Columbia University, 
New York, N. Y. 


Received June 10, 1952 


INTRODUCTION 


Drosophila melanogaster and Droso- 
phila simulans are sibling species that were 
not distinguished from each other until 
Sturtevant described the latter in 1919. 
Their remarkable morphological similarity 
is well known to Drosophila geneticists. 
As a measure of their near identity it 
might be mentioned that several investiga- 
tors experimented with strains of both spe- 
cies simultaneously and were unaware that 
they were not dealing exclusively with 
melanogaster. 

According to Sturtevant (1920), it was 
C. B. Bridges who first noticed the pe- 
culiar male genitalia of simulans. This 
feature allows easy separation of the males 
of the two species but there is no reliable 
and rapid means of distinguishing females. 

The close similarity of melanogaster 
and simulans is not restricted to externals. 
There is a corresponding parallel in ge- 
netics (Sturtevant, 1920, 192la, 1921b, 
1929 ; and Sturtevant and Plunkett, 1926). 
Both species have four linkage groups and 
many of the mutations that have arisen 
in stmulans are allelomorphs of those in 
melanogaster. 

Comparisons of the salivary gland 
chromosomes were made by Patau (1935), 
Kerkis (1936, 1937) and Horton (1939). 
A study of the hybrids showed a striking 
similarity of the salivary chromosome 
bands of the two species. There is one 
large inversion in the third chromosome 
which previously had been detected genet- 
ically by Sturtevant. In addition there are 
5 very short inversions, 4 instances where 
the bands differ at the free ends of the 
chromosomes, and 14 regions where the 
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chromosomes do not synapse in spite of 
the fact that the chromosomes appear to 
be identical. 

Hybridization is difficult. Sturtevant 
(1929) reported that offspring are ob- 
tained in from 10 to 40 per cent of the 
melanogaster 2 X simulans J crosses and 
in not over 2 per cent of the stmulans 2 X 
melanogaster § crosses. The first cross 
produces females and a few exceptional 
males. The second produces many males 
and a few females. All hybrids are sterile. 
So far as mating preference is concerned, 
Sturtevant found that males will court fe- 
males of the opposite species but females 
prefer to mate with members of their own 
kind. 

When Sturtevant published his mono- 
graph on simulans in 1929, all geograph- 
ical records known to him were from the 
western hemisphere. Subsequently, simu- 
lans has been recorded from Europe, Aus- 
tralia and Asia (Kikkawa and Peng, 
1938). It is probable that melanogaster 
and simulans are widely distributed in 
tropical and temperate zones throughout 
the world. In most regions they are com- 
monly associated with human habitations 
and natural areas contiguous with human 
habitations. 

Some ecological differences between 
simulans and melanogaster, which may be 
of importance in competition under nat- 
ural conditions, have been noted by several 
authors. Patterson (1943) studied an 
area near Austin, Texas, where both spe- 
cies occur. Simulans is more abundant in 
the late autumn months. During the cold- 
est period of the winter the population size 
of both species is greatly reduced. With 
the subsequent temperature increases the 
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melanogaster population builds up rapidly 
while simulans remains rare. During the 
hot dry months the melanogaster popula- 
tion suffers a marked decline and simulans 
increases to become the more abundant. 
Its preponderance lasts until the winter 
reduction in populations size. Burla 
(1948) speaks of simulans as being a 
more southern species, compared to mela- 
nogaster. Dobzhansky and Pavan (1950) 
report that simulans is more abundant 
than melanogaster in Brazil. 

With respect to rate of development 
Sturtevant (1929) found that “. . . the 
two species are very nearly the same; but 
comparisons (made under rather loosely 
controlled conditions) have several times 
suggested that simulans develops slightly 
more rapidly.” Regarding food habits he 
states, “Casual field and laboratory obser- 
vations suggest differences in food prefer- 
ence, since simulans is rarely found on ap- 
ples, is relatively commoner on bananas, 
and seems to be still more frequent on 
persimmons.” Morgan (1929) remarks 
on the fact that stmulans females are some- 
times fertilized a few hours after emerg- 
ing, implying a shorter period than is 
possible for melanogaster. 

Spieth and Hsu (1950) have reported 
slight differences in courtship pattern of 
the two species. In addition, they report 
that melanogaster females are inseminated 
equally well in both light and dark, but 
simulans females are inseminated much 
more frequently in light than in the dark. 

The general conclusion that one draws 
from published work on simulans and mel- 
anogaster is that the species are strikingly 
similar. This applies not only to external 
appearance but to genetics, chromosome 
morphology, geographic distribution, and 
habitat preferences. In situations of this 
sort the question inevitably arises, “how 
do the two forms coexist in nature ?”’. 
Since Darwin’s time it has been appreci- 
ated that intensity of competition is di- 
rectly proportional to degree of similarity. 
In this case, therefore, competition must 
be intense. There is, however, another 
factor to consider. With any two sibling 


species, it seems probable that similarity 
in physiology and ecology can never be 
carried to the point of identity. Instead, 
differences must exist that tend to reduce 
competition between species enough to al- 
low coexistance. At the moment this is 
more an article of faith than fact but it 
seems most probable that this is a correct 
point of view. 

This paper will be devoted to a study 
of competition between Drosophila mela- 
nogaster and Drosophila simulans. It will 
be concerned with the outcome of compe- 
tition in “population cages,” differences 
between the two species that are of impor- 
tance in competition, and attempts to influ- 
ence the course of competition by modify- 
ing the conditions of the experiments. 

These are not the first experiments on 
competition between simulans and melano- 
gaster. Sturtevant (1920) reported that 
both species could be kept in mixed stocks, 
using the ordinary laboratory technique, 
for as long as five months. Melanogaster 
was the more abundant species until the 
food became old and dry. Under the latter 
conditions stmulans increases in frequency. 
Sturtevant speculated that “Greater resist- 
ance to such unfavorable conditions may 
perhaps account for the fact that simulans 
maintains itself in nature in spite of the 
fact that, under favorable conditions, it 1s 
outdone by melanogaster.” 


MATERIALS AND METHODS 


Two simulans strains, numbers 75 and 
76, which were collected at Bradenton, 
Florida, in January 1949, and three strains 
of melanogaster, numbers 92, 97, and 99, 
collected at the same locality in February 
1949, were used in the experiments. In 
most of the experiments only simulans 75 
and melanogaster 99 were used. I am in- 
debted to Dr. H. Spieth for all of these. 
These wild strains were derived from 
single fertilized females. In the early ex- 
periments the stocks were mass cultured 
in bottles. Somewhat later stock cages of 
simulans 75 and meianogaster 99 served 
as sources of the material. 
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The population cages employed in the 
experiments were designed by Wallace 
and are somewhat similar to those de- 
scribed by him in 1949. They are con- 
structed of plastic and the outside dimen- 
sions in centimeters are 46 by 13 by 11. 
At one end of the cage there is a wire 
mesh opening 74 cm.? The internal space 
for the flies is approximately 5,000 cm.* 
The bottom of the cage contains holes for 
16 food cups. The latter have a capacity 
of 30 cc. each. The exposed food surface 
of each cup is 4.5 cm.? 

The food was Spassky’s (1943) cream 
of wheat-molasses mixture enriched with 
brewer’s yeast and with “tegosept” sub- 
stituted for “moldex.” <A drop of brewer’s 
yeast was placed on the surface of each 
cup before it was used. 

The population cages were kept in con- 
stant temperature rooms, one at 15° and 
the other at 25°. Both rooms were dark 
much of the time. Humidity was not ac- 
curately controlled. These same rooms 
were used by Levitan (1951). He found 
a variation in the mean monthly relative 
humidity of from 62.7 +0.8 to 83.5 +0.9 
for the 15° room and from 65.8 +0.4 to 
76.5 +0.7 for the 25° room. It is prob- 
able that the variations were similar dur- 
ing the course of my experiments. The 
humidity within the cages is probably 
somewhat higher than that recorded in 
the constant temperature rooms. 

The sequence of events in cups in the 25° 
experiments may be outlined as follows. 
Eggs begin to be deposited in a few min- 
utes after the cups are placed in the cages. 
In 2-3 hours the number may be several 
hundred and after 1 day the number may 
be in the thousands. The average number 
of adults that arise from each cup during 
a single generation is approximately 500. 

Larvae begin appearing in less than a 
day and pupae in less than a week. The 
first adults emerge on the eighth or ninth 


day. These cups may give rise to later 
generations. In most cases mold growth 


was slight, especially when cups were 
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changed at the standard rate of 4 per week 
in the 25° experiments. 

Changes in the relative numbers of these 
two species were measured by periodic 
egg samples. The procedure was as fol- 
lows. A cup would be placed in the cage 
and left for 1 day in the 25° experiments 
‘or for 2 days in the 15° experiments. It 
would then be removed from the cage and 
4 small pieces of the surface food contain- 
ing eggs would be cut out. These were 
placed in 4 half pint fly bottles (with 
food). An attempt was made to regulate 
the number of embyros developing in each 
bottle so that not more than several hun- 
dred would be present. In this way com- 
petition was greatly reduced and the egg 
sample is essentially a measure of the rela- 
tive numbers of viable eggs deposited. 
When the adults emerged the males were 
classified and counted. This indirect way 
of measuring population changes was 
thought to be more desirable than etheriz- 
ing and counting the entire adult popula- 
tion. Several counts indicated a fairly 
close relation between relative frequencies 
of the adults in the cage and relative fre- 
quencies of viable eggs deposited. 

During the course of the experiments it 
was found that the oviposition sites of the 
two species are not identical. When this 
was realized the procedure was modified 
and two samples were taken from the cen- 
ter area of the food cup and two from the 
edge. This change in procedure was not 
reflected in the data so it is assumed that 
the original method of taking 4 samples at 
random was leading to essentially the same 
result. 

All developing egg samples were kept 
at 25° irrespective of the temperature at 
which the population was being kept. 

During the course of the experiments 
the cages would become dirty from the 
accumulation of dead flies and the occa- 
sional overflowing of the food cups. When 
this occurred the cups and adults were 
transferred to a clean cage. In general, 
the 25° cages were changed every 4-6 
weeks. 
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A. COMPETITION EXPERIMENTS AT 
15° AND 25° 


The following experiment will serve to 
introduce the data on competition between 
melanogaster and simulans. A total of 
600 melanogaster females (150 each from 
stocks 92, 97, 99 and another 150 derived 
from a wild type fly caught in the labora- 
tory) and 300 simulans females (150 each 
from stocks 75 and 76) were placed in a 
cage with 16 cups. These females were 
allowed to oviposit for two days and then 
the food cups were removed. These cups 
were placed in an empty cage to start cage 
2. This procedure was repeated three 
times and the cups secured were used to 
start cages 3, 4, and 5. The populations 
of cages 2, 3, 4, and 5, therefore, were 
started from the same adult population. 

Cages 2 and 4 were kept at 25° and 
when the adults began to appear the cups 
were changed at the rate of 4 a week 
(Tuesday 1, Thursday 1, and Saturday 
2). 

Cages 3 and 5 were kept at 15.5° and 
when the adults began to appear the cups 
were changed at the rate of 2 a week 
(Tuesday 1, Saturday 1). 

Egg samples were taken at the start of 
the experiment and at intervals thereafter. 
The initial samples are measures of the 
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relative numbers of eggs being laid by the 
two species and not of competition. 

The 25° experiments. Cages 2 and 4 
gave essentially the same result. The data 
for these and subsequent experiments will 
be given as follows: number of days from 
start of experiment—per cent melano- 
gaster males, (total simulans and melano- 
gaster males). 

Cage 2: 1 day—77 per cent mel. (426) ; 
21 days—51 per cent mel. (299) ; 42 
days—82 per cent mel. (514); 51 
days—97 per cent mel. (208); 62 
days—99 per cent mel. (274); 80 
days—100 per cent mel. (122). 

Cage 4: 1 day—52 per cent mel. (199) ; 
22 days—53 per cent mel. (538) ; 47 
days—99.5 per cent mel. (200); 62 
days—100 per cent mel. (140); 76 
days—100 per cent mel. (151). 

These data are shown graphically in 
figure 1. The rapid elimination of simu- 
lans by melanogaster is the usual result 
of experiments conducted at 25°. 

The 15° experiments. Competition be- 
tween melanogaster and simulans at 15° 
leads to a result different from that found 
at 25°. See also figure 2. 

Cage 3: 1 day—38 per cent mel. (208) ; 
52 days—52 per cent mel. (93); 106 
days—37 per cent mel. (614); 154 
davs—19 per cent mel. (498); 200 
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Fic. 1. Competition between melanogaster and simulans at 25°. 
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Fic. 2. Competition between melanogaster and simulans at 15°. 


days—24 per cent mel. (191). Ter- 
minated. 

Cage 5: 1 day—33 per cent mel. (165) ; 
52 days—11 per cent mel. (127) ; 103 


days—16 per cent mel. (527); 150 
days—16 per cent mel. (341); 198 
days—16 per cent mel. (367); 249 
days—l4 per cent mel. (29); 299 
days—52 per cent mel. (95); 349 
days—25 per cent mel. (226); 402 


days—45 per cent mel. (168). 

Clearly there is no elimination of simu- 
lans and, in fact, it is the more abundant 
species after more than one year of com- 
petition. It is the more successful species 
at 15° and melanogaster is the more suc- 
cessful at 25°. A number of experiments 
were conducted to shed some light on 
the nature of this difference. 

Although it seemed most unlikely, the 
difference could be explained on the as- 
sumption that simulans developed a strain 
with improved competitive ability in the 
15° cages. To test this the adults ob- 
tained from the 349 day egg sample of 
cage 5, which consisted of 25 per cent 
melanogaster and 75 per cent simulans, 
were used to start cage 5B. This was kept 
at 25° and the cups changed at the rate 
of 4 per week. 


Cage 5B: 18 days—42 per cent mel. 
(366); 25 days—53 per cent mel. 
(434); 50 days—98 per cent mel. 
(264) ; 82 days—100 per cent mel. 


(64). 

From the results of cage 5B it was con- 
cluded that the simulans in cage 5 had not 
developed improved competitive ability 
but that the difference between the 15° 
and 25° cages was a temperature effect. 

A second possibility was that the rela- 
tive fecundity of simulans and melano- 
gaster at 15° and 25° might be different. 
To test this hypothesis a cage was filled 
with 200 melanogaster and 200 simulans. 
Equal numbers of males and females were 
The melanogaster were of stock 99 
and the simulans of stock 75. Both had 
previously been cultured in bottles. The 
cage was put at 25° with two food cups. 
After one day these cups were removed 
and the entire surface of each was divided 
and put into 4 standard fly bottles with 
food. This gave the first 25° sample. 
The cage was then placed at 15° with two 
food cups. After a period of one day for 
adjustment these two cups were removed 
and two fresh ones added. These were 
left for one day and then removed and the 
surface of each divided and put into 4 
regular fly bottles with food. This gave 
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the first 15° egg sample. The cage was 
then put at 25° for the second sample at 
this temperature and finally at 15° for the 
second 15° sample. In every case one 
day was allowed for the flies to become 
adjusted to the temperature before the egg 
sample was taken. The results were as 
follows : 


First 25° sample—53 per cent mel. in a 
total of 534 males. 

Second 25° sample—44 per cent mel. in 
a total of 919 males. 

First 15° sample—88 per cent mel. in a 
total of 142 males. 

Second 15° sample—8&2 per cent mel. in 
a total of 143 males. 


These results show not only the retard- 
ing influence of low temperature on ovi- 
position, as seen by the greatly reduced 
total number of eggs, but indicate that 
simulans lays relatively fewer eggs than 
melanogaster at 15°. Therefore, the supe- 
riority of stmulans in the 15° cages cannot 
be due to its greater fecundity in fresh 
cups. 

A third possibility was that the rate at 
which cups were replaced might be affect- 
ing the outcome of competition. It had 
previously been noted that simulans, in 
pure culture, develops slightly faster than 
melanogaster at 25°. If this relation held 
at 15°, perhaps the schedule of changing 
cups at the rate of 2 per week (each cup 
in the cage for 56 days) was such that 
only a small proportion of the melano- 
gaster could emerge. That something of 
this sort is involved is indicated by the 
following experiment. Three cups were 
placed in a 25° cage with a full size pop- 
ulation which was giving approximately 
equal numbers of melanogaster and simu- 
lans eggs. These cups were left in the 
cage for one day during which they be- 
came coated with eggs. The cups were 
then placed in an empty cage at 15°. 
Shortly before the first adults were ex- 
pected, the cups were taken from the cage 
and placed in wide glass cylinders with a 
gauze cover. The adults were removed 
and counted daily (this prevented any 
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later generations from developing in the 
cups). Under these conditions simulans 
and melanogaster have markedly different 
emergence peaks. Simulans males first 
appeared on the 30th day and 87 per cent 
emerged between 36 and 47 days after ovi- 
position. Melanogaster males first ap- 
peared on the 39th day. The bulk of 
emergence came later, 76 per cent emerg- 
ing between the 58 and 72 days. 

It should be remembered at this point 
that each cup remained in the 15° cages 
for 56 days. The data from the three cups 
show that 91 per cent of the simulans 
males and 14 per cent of the melanogaster 
males emerged prior to 56 days. This is 
thought to be the main reason why mela- 
nogaster remained at a low percentage in 
the 15° cages. 

If the 2 per week rate of exchanging 
cups was responsible for the failure of 
melanogaster to make a better showing, 
replacing cups at the rate of 1 per week 
should make conditions more favorable for 
this species. The original cage 5 popula- 
tion was still available and on the 478 day 
approximately 900 adults (50 per cent 
melanogaster and 50 per cent simulans) 
were put into a fresh cage. The cups were 
replaced at the rate of 1 per week, which 
meant that each cup was in the cage for 
112 days. 

Cage 5 (cont.) : 500 days—60 per cent 
mel. (163); 550 days—56 per cent 
mel. (215); 600 days—48 per cent 
mel. (179); 650 days—59 per cent 
mel. (168). 

Under these conditions melanogaster 
possibly fared better but it did not elimi- 
nate simulans as was expected. The prob- 
able reason for this was the abundant 
growth of molds that formed in the cups 
when they were kept for so long in the 
cages. The cups were generally free of 
heavy mold growth during the first 60 
days. It is in this period that most of the 
simulans emerge. Cups older than 60 
days were covered nearly always by a 
heavy mold growth. It should be recalled 
that most of the melanogaster emerge be- 
tween 58 and 72 days. It is believed that 
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the mortality of the late emerging flies is 
definitely increased as a result of mold. 
If the growth of mold could be prevented, 
it should be possible for melanogaster to 
eliminate simulans at 15° when the cups 
are changed at the rate of 1 per week. 

On the 652 day, cage 5 was subjected 
to a new experimental procedure. An at- 
tempt was made to eliminate melanogaster 
through frequent exchange of cups. The 
new rate was 3 cups a week (Tuesday 1, 
Thursday 1, Saturday 1). Each cup was in 
the cage for 37-38 days. The experiment 
was so designed that only those adults 
emerging from cups in less than 37-38 
days contributed to the new population. 
The anticipated drop in the frequency of 
melanogaster occurred but this species 
was not eliminated by the time it became 
necessary to discontinue the experiment. 

Cage 5 (cont.) : 700 days—16 per cent 

mel. (166); 750 days—4 per cent 
mel. (223); 790 days—4 per cent 
mel. (201). 


B. Errects oF FREQUENT CUP 
CHANGES AT 25° 


The 15° experiments, just described, 
suggested that the frequency with which 
cups are added and removed from cages 
can be used to influence the results of com- 
petition between melanogaster and simu- 
lans. When cups are in the cages for 
short periods of time the faster develop- 
ing simulans are favored. 

In the following experiment an attempt 
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was made to favor simulans in its competi- 
tion with melanogaster at 25°. The adults 
from the simulans 75 stock cage and the 
adults from the melanogaster 99 stock 
cage were placed in an empty cage. Six- 
teen food cups were placed in this cage 
and the adults were allowed to oviposit 
for 1 day. The cups were then removed 
and the experimental populations started 
with cages containing 8 of these cups. A 
total of 6 cages were started in this 
manner. When the adults began emerg- 
ing fresh cups were added. In cages 18 
and 21 the schedule was 4 per week 
(Tuesday 1, Thursday 1, Saturday 2). 
This is the usual rate for cages kept at 25° 
and each cup remains in the cage for 28 
days. In cages 19 and 22 the schedule 
was 5 per week (Tuesday 2, Thursday 1, 
Saturday 2). These cups were in the 
cages for 20-24 days. Cages 20 and 23 
had their cups changed at the rate of 6 per 
week (Tuesday 2, Thursday 2, Saturday 
2) for the first 75 days. Thereafter the 
cups were replaced at the rate of 8 per 
week (Tuesday 2, Thursday 2, Saturday 
3). When the rate was 6 a week each 
cup was in the cage for 18 to 19 days. 
When the rate was 8 per week each cup 
was in the cage for 14 days. 

On the 43rd day the adults of all cages 
were destroyed and the population was re- 
constituted with the adults emerging after 
43 days. This procedure was necessary 
to eliminate those adults that emerged 
from the cups that started the populations. 


TaBLe 1. The effect of rate of cup exchange on competition between melanogaster and simulans 


Days after start of experiment 


25 50 75 100 125 
Cups % Total % Total % Total % Total % Total 
Cage exchanged mel. fel mel. fol mel. el mel. a mel. foul 
18 4a week 27 258 67 177 80 182 96 459 


21 4a week 57 200 83 157 92 200 93 368 


19 5 a week 44 210 92 210 90 180 98 543 
22 5 a week 47 265 97 227 97 189 99 294 


20 6 a week 52 183 76 131 91 213 — _- — — 
8 a week O4 475 98 153 
23 6 a week 52 228 78 141 85 250 — — — — 
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Fic. 3. The effect of rate of cup exchange on competition between 
melanogaster and simulans at 25°. Data from table 1. 


Many of these would have had a longer 
time to develop than called for by the 
scheduled rate of cup replacement. Ina 
similar way the adults of cages 20 and 23 
were destroyed on the 76 day, when the 
schedule was changed from 6 to 8 cups 
per week. 

The results are given in table 1 and fig- 
ure 3. There is no evidence that simulans 
is favored by an increased frequency of 
cup exchange. This finding was unex- 


pected in light of the 15° experiments. 
There is, however, a simple reason for the 
different results at 15° and 25°. It will 
be remembered that, in cups containing 
embryos of both species, simulans develops 
more rapidly than melanogaster at 15°. 
At 25° this proved not to be the case. 
Both in bottles and in the cups of popula- 
tion cages containing embryos of both spe- 
cies, simulans develops slightly slower 
than melanogaster. .One example of this 
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Fic. 4. Speed of development in melanogaster and simulans at 25°. 
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will be given. Four cups were put in a 
cage containing 1,135 adults of which 78 
per cent were simulans and 22 per cent 
melanogaster. The cups were left for 1 
day and then transferred to an empty cage. 
When the adults began to appear they 
were removed from the cages daily and 
classified. The results are shown in fig- 
ure 4. The fact that melanogaster is the 
faster developing species at 25° indicates 
that an increased rate of cup exchange 
might be expected to favor it slightly. 

These results seem to give a ready ex- 
planation for the different effects of rate of 
cup exchange at 15° and 25°. At the 
lower temperature simulans develops con- 
siderably faster than melanogaster and a 
rapid rate of cup exchange has the ex- 
pected effect of increasing its frequency. 
At 25° the tempo of development of mela- 
nogaster is slightly more rapid and a 
faster rate of cup exchange naturally does 
not favor simulans. 


C. Tue Lenctru or Time Eaccs ARE 
DEPOSITED IN CuUPs 


The following experiment was designed 
to learn if simulans and melanogaster 
would oviposit with equal readiness in 
cups that already contained eggs or larvae. 
A population cage of stmulans and one of 
melanogaster served as egg sources. Food 
cups were placed in one of the cages for 
1, 2, or 4 days and then removed and 
placed in the cage of the other species for 
approximately the same length of time. 
The cups were then removed and the sur- 
face food, containing eggs or larvae, was 
put in regular fly bottles with food. The 
experiment was conducted at 25°. The 
adult males that emerged were classified. 
The results are given in table 2. 

There is a marked difference in the be- 
havior of the two species. Melanogaster 
will lay in cups where simulans eggs and 
larvae are already present. On the other 
hand, practically no simulans appeared in 
cups which had previously been in a mela- 
mogaster cage for 2 or 4 days. 

This difference between melanogaster 
and simulans would seem to be of con- 


siderable importance in the outcome of 
competition so an additional experiment 
was performed to check the conclusion. 
A mixed population consisting of 1,135 
adults of which 78 per cent were simulans 
and 22 per cent were melanogaster was 
put in a cage with 4 food cups. After 4 
days these were removed and placed in a 
cage that will be called the “4 day cage.” 
Four fresh cups were then put in with 
the adults and left for 1 day. These were 
removed and placed in the “1 day cage.” 
Finally, 4 additional cups were put in for 
a period of 7 days to give the “7 day cage.” 


TABLE 2. The effect of oviposition by one spe- 
cies on subsequent oviposition by another 


| 


Cup | Schedule |Total o"| % mel. 
A | 1 day sim. then 1 day mel. | 106 | 60 
B | 1 day sim. then 1 day mel. | 118 | 54 
E | 2dayssim.then2daysmel.| 82 | 37 
F | 2 days sim. then 2 days mel. | 39 | 48 
I | 4dayssim.then5daysmel.| 70 | 26 
J | 4 days sim. then 5days mel.| 48 | 54 
C | 1 day mel. then 1 day sim.| 100 | 100 
D | 1 day mel. then 1 day sim. | 99 | 87 
G | 2 days mel. then 2 days sim.| 121 | 
H | 2 days mel. then 2 days sim.| 110 
K | 4days mel. then 5dayssim.| 80 


4 days mel. then 5 days sim.| 102 


When the adults began appearing, they 
were removed from the cage daily. This 
was done to minimize the risk of these 
adults depositing eggs. The cups were 
checked frequently after the 14th day. No 
fresh eggs or larvae were noted in the 1 
day cage. Several young larvae were seen 
in the 4 day cage on the 22nd day and in 
the 8 day cage on the 17th day. It was 
clear, however, that the possibility of 
counting the second generation adults was 
so slight that it could be disregarded. 

The results were as follows. The 1 day 
cage produced 744 females and 814 males 
of which 28 per cent were melanogaster. 
The 4 day cage produced 1,177 females 
and 1,107 males of which 29 per cent were 
melanogaster. The 7 day cage produced 
1,049 females and 1,019 males of which 41 
per cent were melanogaster, 


7 
4 
\ « 
fy | 
nit 
— 
> 
q 4 
| 
4 
i 
1 
“at 
q 
} 
; 
4 
q 
i 
‘ aie 4 
ia 
1B 
= 
~ 
4 


416 JOHN A. 


The 1 day cage and the 4 day cage seem 
to give an identical result as far as rela- 
tive numbers of the two species are con- 
cerned. In the 7 day cage, on the other 
hand, the expected greater frequency of 
melanogaster was observed. 

It is proper at this point to refer again 
to Sturtevant’s (1920) belief that stmulans 
fares somewhat better than melanogaster 
in old cultures. A complete study of this 
point has not been made but two experi- 
ments would seem to indicate that it is not 
true for the strains and conditions that I 
have used. They will now be described. 

In most experiments conducted at 25° 
the cups are inthe cages for 28 days. Eggs 
are deposited in the cups shortly after they 
are placed in a cage. Several days later 
a mass of nearly uniform size larvae will 
be observed. Somewhat later the surface 
of the cups will seem to consist entirely of 
pupae. Adults begin emerging from these 
on the 8th or 9th day and this process will 
continue for some days. Ina cup 14 days 
old, young larvae may be seen, and, as 
the cup ages, their number may increase. 
If Sturtevant’s suggestion is correct one 
might expect these old cups to favor stmu- 
lans. The following experiment was car- 
ried out to test it. The old cups that were 
being removed after 28 days from cage 13 
were placed in an empty cage-13A. Cage 
13 had a population that was giving 84 
per cent melanogaster and 16 per cent 
simulans when egg samples were taken in 
the usual manner. If the old cups favored 
simulans, we would expect its frequency 
to be greater than 16 percent. The old 
cups were transferred from cage 13 to 13A 
at the rate of 4a week. On the 12th day 
cage 13A had about 800 adults and an egg 
sample gave 98 per cent melanogaster 
(287 males counted). On the 23rd day 
another egg sample gave 100 per cent 
melanogaster (91 males counted). On 
the 24th day the adults were counted. Of 
the 340 males present 97 per cent were 
melanogaster. Under the conditions of 
this experiment it would appear that old 
cups are more favorable to melanogaster 
than to simulans. 


MOORE 


Still another test was made as follows. 
In cage 14 a mixed population was allowed 
to deposit eggs in 8 cups for 1 day. These 
cups were then put in an empty-14A cage. 
Adults began appearing on the 9th day 
and the cups were available for these 
adults to oviposit until the 18th day. The 
adults were then removed, counted, and 
discarded. It was found that of the 125 
males, 86 per cent were simulans and 14 
per cent were melanogaster. On the 19th 
day two adults were found in the cage. 
Beginning on the 22nd day the adults were 
removed approximately every 7 days, 
counted, and discarded. These same cups 
continued to give adults until the experi- 
ment was terminated on the 64th day. 
The percentage of melanogaster in the 
total males counted was as follows: 


Cage 14A. 22 days—6 per cent mel. 
(217); 29 days—15 per cent mel. 
(149); 36 days—29 per cent mel. 
(277); 44 days—26 per cent mel. 
(190); 50 days—24 per cent mel. 
(323); 57 days—45 per cent mel. 
(111); 64 days—83 per cent mel. 
(60). 


Once again it appears that melanogaster 
is favored over simulans in old cups. 

These experiments are not necessarily 
a refutation of Sturtevant, since it should 
be remembered that he was speaking of 
competition in bottles and the present ex- 
periments were conducted in cages. In 
addition, the strains were of different 
origins. 


D. OvipeosiTION SITES OF THE 
Two SPECIES 


In the early experiments egg samples 
were secured by placing a food cup in a 
cage for 1 day (at 25°). At the end of 
this time the cup was removed. If the 
population was of maximal size when the 
sample was taken, the entire surface of the 
cup would be white from hundreds of eggs 
deposited. Four small areas of the sur- 
face food would be cut out and each placed 
in a standard half pint fly bottle with food. 
It was often noted that the relative num- 


— 


b 
a 
n 
v 
t 
q 
ul e 
| te 
| it 

tl 
st 
1S 
fo 
| pe 
to 
a 

(‘ 
su 

It 

de 

mi 

ou 
7 


COMPETITION IN DROSOPHILA 417 


bers of the two species differed widely 
among the four subcultures. This sug- 
gested that the surface of a food cup might 
not be a single niche as far as egg laying 
of the two species is concerned. Records 
were kept, therefore, of the exact posi- 
tion in the cup from which the subsamples 
were taken. 

It was seen that both species find the 
edge of the cups the most desirable place 
to lay eggs. Thus, when the cup has been 
in the cage for a few hours there will be 
many eggs at the edge and only a few in 
the middle. In addition, it was found that 
simulans will deposit eggs in the center 
more readily than melanogaster. 

Another factor influencing oviposition 
is the type of food surface. When the 
food cups are prepared, the hot food is 
poured in while in a semi-liquid condition. 
Upon cooling this solidifies and a crust is 
formed. Before these cups are placed in 
a population cage, the surface crust is 
normally removed. If the two species are 
given a choice between the cups with crust 
(“old surface”) and without crust (“fresh 
surface”), they greatly prefer the latter. 
It was found, however, that simulans will 
deposit its eggs on the old surface cups 
more readily than will melanogaster. 

Both of the above points are brought 
out in the following experiment which was 


TABLE 3. The effects of surface type and post- 
tion in the cup on oviposition 


Old surface Fresh surface Totals 


Center of | Sim. 255 (74%)| Sim. 225 (63%)| Sim. 480 (68%) 
cup Mel. 90 (26%)| Mel. 131 (37%)| Mel. 221 (32%) 


Edge of |Sim. 230 (61%)| Sim. 122 (41%)|Sim. 352 (52%) 
cup Mel. 150 (39%)| Mel. 179 (59%)| Mel. 329 (48%) 


Totals Sim. 485 (67%) | Sim. 347 (53%) 
Mel. 240 (33%)| Mel. 310 (47%) 


conducted at 25°. Four cups were put 
into each of two cages that were giving 
approximately 60 per cent simulans and 
40 per cent melanogaster. Two ofthe cups 
in each cage were old surface cups and two 
were fresh surface cups. After 1 day 
the eight cups were removed. Four sub- 
samples were taken from each of the eight 
cups. Two were from the edge of the cup 
and two from the center. The subsamples 
were placed in standard fly bottles with 
food. The results are given in table 3. 

In thé situation preferred by both spe- 
cies, namely, the edge of fresh surface 
cups, the frequency of melanogaster is 59 
per cent. The data show that simulans is 
not deterred by the centers of cups, or the 
old surfaces, so much as is melanogaster. 
In the situation least favorable to melano- 
gaster, namely the centers of old surface 
cups, its frequency drops from 59 per cent 
to 26 per cent. 


Taste 4. The effect of selection for type of food surface and oviposition site on competition 
between melanogaster and simulans 


Old surface—center 


Fresh surface—edge 


Cage 14 Cage 16 Cage 15 Cage 17 
Percent Total Percent Total Per cent Total Per cent Total 
Selection Mel. rot Mel. a Mel. a" Mel. a 
Ist 51 297 30 488 65 711 61 566 
2nd 43 361 13 265 73 596 70 798 
3rd 33 571 13 452 74 239 81 761 
4th 54 173 6 359 86 355 93 644 
5th 44 953 5 333 85 1087 04 965 
6th 39 521 7 501 86 516 94 358 
7th 40 911 2 729 93 541 99 732 
8th 34 854 0 642 97 979 99 773 
9th 22 581 — 98 927 99.8 862 
10th 13 487 99 799 99.8 592 
lith 14 125 99 426 100 223 
12th 3 556 100 604 
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TIMES SELECTED 


Fic. 5. The effect of selection for type of food surface and oviposition site 
on competition between melanogaster and simulans. Data from table 4. 


E. MopIFICATION OF THE COURSE OF 
COMPETITION THROUGH SELEC- 
TION OF Foop CONDITIONS 


The data just given on the differential 
utilization of food conditions by simulans 
and melanogaster suggested a means of 
modifying the outcome of competition be- 
tween the two species. The following ex- 
periment, which was conducted at 25°, in- 
dicated that this could be done. 

Approximately equal numbers of simu- 
lans from stock cage 75 and melanogaster 
from stock cage 99 were put into one 
population cage. The total number of 
adults was well over a thousand. Eight 
old surface cups and 8 fresh surface cups 
were put into the cage. At the end of one 
day the cups were removed. The food at 
the edge of the 8 old surface cups was 
removed and discarded. The center area, 
with the eggs deposited there, was left in- 
tact and these 8 cups were used to begin 
cage 14. The centers of the 8 fresh sur- 
face cups were removed and these cups, 
having only the eggs laid at the edge, were 
used to start cage 15. The procedure was 
repeated, using the same adults, to start 
cage 16 (centers, old surface) and cage 17 
(edge, fresh surface). 


On the 9th day adults began appearing 
in the cages. Food cups were then placed 
in the cages to provide for the adults. 
These were changed every 2—3 days so no 
eggs deposited in them contributed to the 
adult population. By the 18th day emer- 
gence was over and all cups were removed 
from the cages and discarded. Eight old 
surface and 8 fresh surface cups were put 
in. These were left for one day and then 
removed. In the case of cages 14 and 16, 
the 8 fresh surface cups were discarded 
and the edges of the 8 old surface cups 
were cut out and also discarded. The 8 
old surface cups with the centers remain- 
ing were then put in an empty cage. The 
same procedure was followed for cages 
15 and 17 except that only the edges of the 
8 fresh surface cups were retained. The 
adults were etherized, classified, and dis- 
carded. 

Thus, in two cages (14 and 16) there 
was repeated selection for adults that lay 
eggs in the centers of the old surface cups. 
In cages 15 and 17 there was selection for 
adults that lay eggs at the edge of fresh 
surface cups. The two fresh surface edge 
cages contained the environment that both 
species preferred. On the basis of the 
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data previously given, we might expect 
melanogaster to eliminate simulans be- 
cause of its innate competitive superiority. 
(It should be remembered, however, that 
competition is less severe in this case than 
in the usual cage experiments. The num- 
ber of embryos developing in a single cup 
is much fewer since the cups are available 
for egg laying during a single day only 
and many of the eggs are removed when 
the appropriate portion of the surface food 
is removed. The end result is a low num- 
ber of eggs per cup and it is likely that 
competition for food and space is much 
reduced.) The two old surface, center 
cages selected for an environment that 
neither species preferred but one that 
simulans utilizes more readily than does 
melanogaster. We would expect, there- 
fore, that simulans would fare better than 
it does in the fresh surface, edge cages. 
In this experiment population changes 
were measured by counts of adult males. 
The results are given in table 4 and in 
figure 5. They dramatically indicate the 
tremendous effect resulting from the selec- 
tion for seemingly slight ecological dif- 
ferences. Without doing an experiment 
of this sort one would not have imagined 
that the difference between the food at the 
edge and the center of a cup, or the dif- 
ference between food with a thin crust 
and no crust would be of such importance. 
The results reveal the inadequacy of such 
reasoning. In the center of an old sur- 
face cup, simulans is the “superior” spe- 
cies; at the edge of a fresh surface cup, 
melanogaster is “superior.” 


SUMMARY AND CONCLUSIONS 


The experiments reported in this paper 
are the first in a comprehensive program 
devoted to studying competition between 
Drosophila simulans and Drosophila mela- 
nogaster. It does not seem necessary at 
this time, therefore, to make a detailed 
comparison of the results here reported 
with those of previous investigators. It 
might be mentioned, however, that Merrell 
(1951) and others have described compe- 
tition between Drosophila funebris and 
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Drosophila melanogaster and Zimmering 
(1948) has described competition between 
Drosophila pseudoobscura and Drosophila 
melanogaster. 

The peculiar interest attached to com- 
petition between melanogaster and simu- 
lans stems from their close morphological, 
genetic, and ecological similarity. Their 
co-existance under natural conditions is 
understandable (at the present) only on 
the assumption that they do not occupy 
identical ecological niches. 

The experiments reported in this paper 
have revealed several laboratory condi- 
tions that affect the outcome of competi- 
tion between the two species. In popula- 
tion cages kept at 15°, in which the food 
cups are replaced at the rate of 2 or 3a 
week, simulans is the more successful 
species. In population cages kept at 25°, 
in which the food cups are replaced at the 
rate of 4, 5, 6, or 8 times a week, melano- 
gaster eliminates simulans. Other eco- 
logical niches were found in the food cups. 
Simulans is better able to oviposit in the 
“unfavorable” center of cups and on food 
having a surface crust. It is even possible 
to reverse the outcome of competition by 
taking advantage of these preferences for 
oviposition sites. 

During the course of these experiments 
it has become apparent that there are 
many slight differences in the biology of 
the two species. It is probable that the 
seemingly “uniform environment” of a 
population cage may contain many en- 
vironmental variables that influence com- 
petition between melanogaster and simu- 
lans. 
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INTRODUCTION 


Variation in the third chromosome of 
Drosophila persimilis along an altitudinal 
transect in the Yosemite region of Cali- 
fornia consists of a gradient in relative 
frequencies of the four major gene ar- 
rangements (Dobzhansky, 1948; Spiess, 
1950). Within each local population these 
gene arrangements often display different 
adaptive values indicating that each con- 
sists of different alleles in combinations 
which are most useful to the species in 
that area. In order to be able to attribute 
the gradient to genetic or ecological causes 
or both, it is necessary to analyze the 
many properties of the gene arrangements 
and compare the findings from each local- 
ity along the transect. 

Among the several types of variation 
which might be controlled by genes on the 
third chromosome and which might have 
adaptive significance for insects living 
along an altitudinal gradient, those per- 
taining to flight are likely to be of first 
rank importance. Wing-beat frequency 
is known to be dependent on many phys- 
ical and physiological factors such as air 
temperature, air density, age of insect, sex, 
species, size of wing, and volume of tho- 
racic musculature (Chadwick and Wil- 
liams, 1949; Reed, Williams, and Chad- 
wick, 1942; Williams and Reed, 1944). 
The adaptive significance of variations in 
wing size and wing-beat frequency is a 
matter of speculation, however. Certainly 
compensation for density of air with alti- 
tude must be important to the fly from the 
standpoint of lift efficiency of the wing, 
a factor conceivably important in general 
activity, rates of dispersal, sexual activity, 
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energy utilization, and so on. The nature 
of variation in flight mechanisms over this 
altitudinal transect is, then, complicated by 
many considerations, but is nevertheless a 
source of information which might prove 
useful in the search for a genetic basis for 
the gradient in frequencies of gene ar- 
rangements. 

Flies from three localities carrying the 
Whitney and Klamath gene arrangements 
were tested in order to answer the follow- 
ing questions: 1) Do the two arrange- 
ments differ in genic content affecting 
wing-beat or wing size? 2) Does the 
heterozygous condition for the arrange- 
ments confer heterosis to any measurable 
extent? 3) Is there any change in flight 
characteristics accompanying increase in 
altitude ? 

The strains of D. persimilis used for 
these tests were collected a) during the 
summer of 1950 by Th. Dobzhansky at 
Mather (el. 4600’) and Mono Lake (el. 
6600’) and b) during February, 1948, by 
Carl Epling at Jacksonville (el. 850’). 
Mather and Jacksonville are on the west- 
ern slope of the Sierra Nevada while 
Mono Lake is on the eastern slope. (For 
a description of the areas, see Dobzhan- 
sky, 1948.) 


MATERIALS AND METHODS 


The stroboscope technique devised by 
Williams and Chadwick (1943) was used 
to measure the wing-beat frequency. The 
stroboscope consists of a flash-frequency 
neon or low-pressure bulb controlled by 
an electric oscillator. When tuned to 
synchrony with a cyclic motion, it causes 
the motion to appear stationary. Thus 
the moving wings of an insect placed in 
the path of the light can be made to “stop” 
and the beat frequency can be read directly 
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from a calibrated scale. Individual flies 
mounted by the abdomen to paraffined 
strips of paper were inserted into holders 
so that the animal rested lightly on a small 
metal platform. The sudden removal of 
the platform by an electromagnet stimu- 
lated the flight reflex; if this reflex was 
weak, a puff of air usually induced the in- 
sect to fly. 

All flight measurements were taken 
in a temperature controlled bath at 20° 
+0.5° C., the flies being confined to a 
glass cylinder immersed in the bath. 
Flights were of only a few seconds dura- 
tion, and the frequency noted was the peak 
attained during that time. Approximately 
ten to fifteen readings were made on each 
fly with a twenty second interval between 
flights to avoid the effects of fatigue 
(Chadwick, 1939). 

Flies to be flown were raised as the 
progeny of single pair matings in half-pint 
jars kept at 15° C. Since a fly can become 
habituated to a change in temperature of 
10° in less than thirty seconds (Chad- 
wick, 1939), this brief change from the 
culture conditions to flight conditions 
should have had no effect on the wing- 
beat. Only virgin females five to seven 
days old were used. Flies were made 
homozygous for the gene arrangement in 
question by crossing strains known to be 
homozygous, and heterozygotes were de- 
rived by using F, adults as parents. 

Wing measurements of the several 
zygotic combinations were made using 
flies from the flight experiments in order 
to determine any morphological variation 
paralleling the changes in wing-beat fre- 
quency. The method used was similar to 
that developed by Reed and Reed (1948). 
Wings were removed and mounted tem- 
porarily in glycerin and projected on 
squared paper from which the wing di- 
mensions could be accurately taken. The 
dimensions found to be most useful were 
the following: area, length, (from tip of 
longitudinal vein III to junction of ante- 
rior crossvein and 1. v. IV), length 2 
(overall from tip to wing articulation) 
and width (perpendicular to length 


through junction of posterior crossvein 
and 1. v. V). An index having a definite 
relation to the mechanics of flight has been 
derived by Reed, Williams, and Chadwick 
(1942) and is used here both because it 
magnifies small differences and because 
areas or lengths alone may overlap. It is 
calculated by multiplying the wing area 
(mm?) by the cubed length (mm*). This 
value when multiplied by the wing-beat 
frequency squared gives a value propor- 
tional to the stroke-energy, or kinetic 
energy, of the air volume put in motion by 
the moving wings. 

In all cases at least three strain crosses 
were made for each zygotic combination 
and at least four females from each cross 
were tested and measured. Fisher’s anal- 
ysis of variance was employed to test for 
homogeneity of data between strain crosses 
of the same zygotic combination. In all 
cases the amount of variability between 
those strain crosses was not significantly 
greater than that resulting from random 
factors. 


EXPERIMENTAL RESULTS 
Wing-beat frequency: 


The strains from Jacksonville were used 
for two experiments ; the first to determine 
any difference between the wing-beat of 
the carriers of WT/WT, KL/KL, and 
WT/KL consists of data from F, individ- 
uals of strain crosses; and the second to 
test for increased vigor by using a “double 
hybrid cross” (mating the F, adults ob- 
tained by any two first crosses) as would 
be expected were the original strains main- 
tained by inbreeding methods. Hetero- 
zygotes for the gene arrangements in each 
case were obtained by crossing the progeny 
of the preceding homozygote cross. 

The first homozygote crosses from Jack- 
sonville show a significant difference in 
wing-beat between the WT and KL ar- 
rangements of the order of 500 cycles per 
minute (see table I, compare No. 1 and 
No. 3), WT being the faster flier. Gene 
arrangement heterozygotes fly about as 
fast as WT; certainly there is apparent 
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TABLE |. Wéing-beat frequency in double beats per minute 


The “stroke energy”’ index is obtained by multiplying Reed’s index by the wing-beat frequency 
Each mean value is the average 


squared. Standard errors for mean wing-beat frequencies are given. 


of at least three means representing three strain crosses for each genotype. 


Type of parent No. flown Wing-beat Stroke energy index 
Jacksonville 
(1) WT; X WT: 12 10823+51 1114 
(2) WTi/WT: X WT;/WT, 12 10826+59 1021 
(3) KLi X KL, 20 10349+73 1123 
(4) KL:/KLe X KL;/KL, 12 10283+58 1015 
(5) X 12 10782+76 1084 
(6) Double cross: 
WT KLiye/ KL axa 24 10624+53 1049 

Mather 

(7) WT, X WT; 12 10923+37 1088 
(8) KLi & KL, 12 10261+77 1050 
(9) WT.,/WTe & 16 10727+13 1059 
Mono Lake 
(10) WT, X WT: 20 10284+74 936 
(11) KLi X KL. 12 10817+74 1035 
(12) WT,/WT: 12 10636+152 1028 


dominance for the faster wing-beat over 
the slower. 

In no case did the double hybrid 
progeny show significantly greater wing 
beat frequency than the original strain 
cross F,. (Compare No. 1 and No. 2, 
No. 3 and No. 4, No. 5 and No. 6 in table 
[.) As a matter of fact there is a slight 
drop in wing beat in two cases when strain 
cross progeny were mated. Because there 
was no increase in wing-beat brought about 
by making such double hybrid crosses, only 
F, individuals were used in subsequent 
tests. 

When the wing-beats of the F, from 
Mather are compared with those from 
Jacksonville, it is evident that no statistical 
difference is apparent between them. 
(Compare No. | and No. 7, No. 3 and No. 
8, No. 5 and No. 9.) WT/WT averages 
500-600 cycles faster than KL/KL. in both 
localities with WT/KL slightly lower than 
WT/WT. 

Strains from Mono Lake, however, do 
not follow this pattern: There the 


WT/WT is the lower and almost equal to 
the wing-beat of KL/KL from localities 
on the other side of the mountain. 


The 


heterozygous combination is intermediate 
but closer to the higher frequency of the 
two parental types. 


dimensions: 


Among the many morphological rela- 
tionships which are known to influence 
wing-beat frequency is wing size, a char- 
acter determined by multiple genetic fac- 
tors. It is known that wing-beat fre- 
quency varies inversely with wing size 
provided thoracic muscle volume is held 
constant (Reed, Williams, and Chadwick, 
1942). 

As in the case of the wing-beat fre- 
quencies, the wing dimensions (table IT) 
show WT/WT and KL/KL to be sig- 
nificantly different for Jacksonville and 
Mather if the F, individuals of strain 
crosses are compared. In these two lo- 
calities KL/KL has the larger wing than 
WT/WT with WT/KL slightly smaller 
than WT /WT in area and width but equal 
or longer in length. In all cases at Jack- 
sonville the double hybrid cross produced 
smaller wing size than the first strain 
cross. (Compare Reed’s index for No. | 
and No. 2, etc.) 
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TABLE II. Wing dimensions in mm. 


Standard errors for wing area means are given. 


equal to or less than 0.01 mm. 


For all other dimensions standard errors are 


Wing area 
Type of parent (mm?) Length, Length: Width index 
Jacksonville 
(1) WT; X WT, 3.13+0.06 2.00 3.12 1.33 95.06 
(2) WTi/WT: X WT;/WT, 3.07+0.05 1.99 3.05 1.31 87.10 
(3) KLi X KL, 3.23+0.03 2.06 3.19 1.39 104.85 
(4) KLi/KLe X KL;/KL, 3.19+0.04 2.07 3.11 1.35 95.96 
(5) WT./WT: X KLi/KL2 3.04+0.02 2.01 3.13 1.31 93.22 
(6) Double cross: 
WTiya/WTaxa 3.12+0.03 2.00 3.10 1.34 92.95 
Mather 
(7) WT, X WT: 3.09+0.03 2.04 3.09 1.32 91.17 
(8) KLi X KL, 3.22+0.03 2.07 3.14 1.33 99.69 
(9) WT,/WT? X KL:/KL2 3.15+0.04 2.02 3.08 1.33 92.04 
Mono Lake 
(10) WT; X WT: 3.09+0.02 2.01 3.06 1.32 88.54 
(11) KL; X KL, 3.03+0.03 2.08 3.08 1.30 88.53 
(12) WT,/WT: X KL,/KL: 3.14+0.03 2.02 3.07 1.33 90.85 


The flies from Mono Lake are of a 
noticeably different pattern: KL/KL is 
slightly but not significantly smaller than 
WT/WT with WT/KL still larger but 
still not as large as KL/KL from the two 
western slope localities. Reed’s index for 
these from Mono Lake are all about equal. 

Attention is called to the fact that the 
wing dimensions are all slightly larger 
than those reported by Reed, Williams, 
and Chadwick for strains of D. pseudo- 
obscura Race B, now D. persimilis: the 
average difference in wing area is from 
0.3-0.5 mm*. This discrepancy can be 
accounted for as follows: 1) the strains 
used herein come from localities quite dis- 
tant from those studies by the above au- 
thors (the closest locality, Stony Creek, is 
about 170 miles northwest of the Yosemite 
area), and it was shown that some local 
populations differed significantly in wing 
areas as well as wing-beat. 2) It is known 
that wing size varies inversely with the 
temperature during development (Stanley, 
1935). The authors above used 20° C. 
while the present author used 15° C. for 
raising flies to be flown; the order of 


magnitude in the difference can be com- 
pletely accountable by the fact. 


“Stroke-energy index’’: 


The right hand column of table I con- 
sists of an array of figures which are pro- 
portional to the kinetic energy given the 
air by the stroke of the wings. It is also 
proportional to the thoracic muscle vol- 
ume. It represents the relative amount of 
vigor the fly possesses in respect to its 
ability to stroke through the atmospheric 
conditions encountered. 

It will be seen that for the flies at Jack- 
sonville the F, individuals of WT/WT 
and KL/KL strain crosses respectively 
have indices nearly equal (KL is about 
1% higher than WT), while the WT/KL 
first cross individuals are about 3% lower. 
It is interesting to note that the double 
hybrids all show 10% lower indices in the 
case of WT/WT and KL/KL while 
WT/KL is about 4% lower than the first 
WT/KL. 

At Mather WT/WT seems about equal 
to WT/KL from Jacksonville, that is 
lower than WT/WT from Jacksonville, 
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with KL/KL equal to WT/KL both 
about 3% lower than WT/WT. In other 
words the amount of stroke energy for 
these F, individuals from Mather is con- 
sistently lower than the same correspond- 
ing arrangement combinations from Jack- 
sonville. 

At Mono Lake WT/WT is 10% lower 
than KL/KL with WT/KL about equal 
to KL/KL, but all combinations are lower 
than those corresponding in the two pre- 
ceding localities. 


DISCUSSION 


In a search for genetic factors which 
might have adaptive value for a winged 
insect occupying an altitudinal transect, 
a priori reasoning would lead us to suspect 
adaptive differences in the flight mecha- 
nism between populations inhabiting dif- 
ferent altitudes. It is known that wing- 
beat frequency varies inversely with air 
density (Chadwick and Williams, 1949). 
The normal limits of air pressure over the 
altitudinal transect in question (and con- 
sequently the air density), from sea level 
to ten thousand feet drop about 30%. 
Under experimental conditions a drop in 
air density corresponding to that of the 
transect increases the wing-beat frequency 
about 500 cycles (D. repleta). Chadwick 
and Williams found, however, that wing- 
beat frequency varied less through the 
range of air densities than might be ex- 
pected if both power output and stroke 
volume were to remain constant. They 
found that stroke amplitude decreased at 
higher densities while angle of attack was 
altered at low densities to compensate for 
differences in the air. In other words in- 
sect flight appears to be a homeostatic 
mechanism in that wing motion can be 
altered by many anatomical and physio- 
logical factors all of which interact to com- 
pensate for density changes. 

If we examine the data from Jack- 
sonville alone it is evident that while 
WT/WT and KL/KL flies have different 
wing-beat frequencies, their wing sizes are 
also different and compensate in such a 
way that the power output for the two 


zygotic combinations is about the same for 
each. At Mather the homozygote com- 
binations differ in the same way and their 
power output is nearly equal, although all 
are consistently lower than their corre- 
sponding genotypes from Jacksonville. 
At Mono Lake WT/WT are definitely 
poorer fliers than KL/KL under these 
experimental conditions since there is 
about a 10% difference between them. If 
the same genotypes from the three local- 
ities are compared, therefore, we can see 
an apparent loss in power output with 
increase in altitude ; but the differences are 
so slight that they might be suspect as 
nonsignificant if it were not for their con- 
sistency. 

To summarize this phase of the prob- 
lem, the homozygous forms differ in wing- 
beat frequency and inversely in wing size 
from both localities on the western slope ; 
however, the same homozygous types from 
the eastern slope locality have wing-beat 
frequencies reversed with respect to those 
from the western slope with wing sizes 
equal, and thereby can be considered ra- 
cially distinct for such characteristics. 
Heterozygotes are in all respects inter- 
mediate or at most slightly below the 
homozygotes displaying greater expendi- 
ture ofenergy. Whether this intermediacy 
of the heterozygotes is of the most efficient 
and therefore heterotic, or adaptively su- 
perior, value for the fly in nature has not 
been tested; but since the heterozygote 
stroke energy indices are all but slightly 
different from the homozygote indices, it 
seems unlikely that any marked heterotic 
effect is displayed here. 

There is an aspect of these results which 
may possibly have a bearing on the prob- 
lem of heterosis exhibited here: flies from 
Jacksonville were not only F, adults from 
strain crosses but also the progeny of 
crosses between different F,,’s, the latter be- 
ing doubly hybrid. Although the wing-beat 
frequency of both WT and of both KL 
crosses are equal, wing size drops signif- 
icantly in both cases with a concomitant 
drop in stroke energy index. If the orig- 
inal strains had been maintained by in- 
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breeding the opposite result would be 
expected; that is, double hybrids should 
manifest more vigor than the first hybrids. 
The fact that no luxuriance resulted from 
the double hybrid mating indicates two 
things therefore: homozygosis has not be- 
come extensive within strains as would be 
the case after inbreeding (the strains are 
maintained by mass matings in which 
genetic heterogeneity is encouraged), and 
second the genetic composition of the 
various F, progenies must be more simi- 
lar, or uniform, than one would otherwise 
expect since the phenomenon of decreased 
vigor is apparently such as that accom- 
panying the inbreeding of a heterotic F,. 

In the case of egg-laying capacity and 
longevity for these strains, heterozygotes 
were obtained by the method of mating 
strain cross F, adults, and clear evidence 
of increased vigor was displayed (Spiess, 
Ketchel, and Kinne, 1952). In the pres- 
ent paper heterozygote arrangements were 
obtained in the same manner but no in- 
creased vigor resulted. However, if the 
same type of mating is compared in table 
I (No. 2, No. 4, and No. 5), it is evident 
that the heterozygous arrangement has a 
slightly higher stroke energy than those 
homozygotes obtained by mating strain 
cross F,’s. Even so the value of stroke 
energy index is only slightly higher for the 
heterozygotes than for the double hybrid 
homozygous arrangements. Certainly then 
any vigor effect due to heterozygosity of 
alleles in the inversion heterozygote must 
be very weak indeed. The higher stroke 
energy found for the strain cross F,’s 
must then be due to luxuriance in the 
remainder of the genome or at least to 
heterozygosity of alleles other than those 
affected by the third chromosome gene ar- 
rangements. 


SUMMARY 


(1) Drosophila persimilis homozygous 
for the Whitney or Klamath gene arrange- 
ments of the third chromosome although 
heterozygous genetically differ in wing- 
beat frequency and in wing dimensions. 


WT flies from 850 ft. and from 4,600 ft. 


elevation on the western slope of the Sierra 
Nevada of the Yosemite region average 
10,800—10,900 cycles per minute while KL 
flies from those localities average 10,250- 
10,350 cycles per minute. Heterozygotes 
from the two arrangements average 10,- 
700-10,800 cycles per minute. 

(2) WT flies from 6,600 ft. elevation 
on the eastern slope of the mountains aver- 
age 10,300 cycles per minute while KL 
average 10,800; heterozygotes are about 
10,650. 

(3) WT from the western slope local- 
ities have a smaller wing size than KL 
from those areas: WT averages 3.09-3.13 
mm?, KL about 3.22 mm’, with heterozy- 
gotes resembling WT at 3.04-3.15 mm’. 

(4) WT and KL are not significantly 
different in wing size at the 6,600 ft. eleva- 
tion. The heterozygote has the largest 
wing size of the three zygotic types. KL 
averages 3.03 mm?, WT 3.09 mm*, and 
WT/KL 3.14 

(5) Owing to the differences between 
these measurements for populations from 
western and eastern slope localities, it is 
noted that they are racially distinct, the 
same gene arrangement from the two 
slopes giving different wing dimensions or 
heat frequency. 

(6) An index derived from other au- 
thors expresses a value proportional to the 
energy given the air by the wing motion. 
This “vigor” index decreases consistently 
with increasing altitude but only slightly. 
There is no evidence that wing-beat itself 
changes with increase in altitude in any 
significant way. 

(7) There is no clear evidence that 
heterozygosis of these arrangements con- 
fers heterosis for the characters measured. 

(8) The first generation after strain 
crossing has a higher stroke energy index 
than the generation resulting from mating 
the F, adults which would indicate that 
the original strains are not extensively 
homozygous and also that the genetic com- 
position of the various F, progenies must 
be quite similar since vigor decreases im- 
mediately just as if a single heterotic F, 
were being inbred. 
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INTRODUCTION 


Since Darwin, one of the most funda- 
mental tenets of theories of evolution has 
been that hereditary variation present in 
natural populations furnishes the raw ma- 
terials from which evolutionary changes 
may be compounded by selection and other 
agencies. Representatives of most species 
of Drosophila are phenotypically fairly 
uniform in their natural habitats. Never- 
theless, genetic analysis of natural popula- 
tions of Drosophila has shown that they 
carry great stores of genetic variants. 
These variants belong mainly to two 
classes. First, there are variations in the 
gene arrangements, due chiefly to inver- 
sion of blocks of genes. Secondly, all pop- 
ulations studied in this respect carry more 
or less extensive supplies of recessive 
mutant genes which, when homozygous, 
affect physiological and often also morpho- 
logical properties of their carriers (re- 
views in Spencer, 1947, and Dobzhansky, 
1951). 

The magnitude of the store of genetic 
variants carried in a population should 
theoretically depend on the breeding struc- 
ture of that population and on the environ- 
ment which it inhabits. Thus, the equi- 
librium frequencies of recessive deleterious 
mutants should, other things being equal, 
be lower in small inbred populations than 
in large panmictic ones (Wright, Dob- 
zhansky, and Hovanitz, 1942). The ex- 
tent of the chromosomal polymorphism 
may, on the other hand, be a function of 
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the variety of adaptive niches which a 
species has mastered in different parts of 
its geographic distribution area (da Cunha, 
Burla, and Dobzhansky, 1950). 

The study of the interrelationships be- 
tween the genetic variation in natural pop- 
ulations and the environment in which 
these populations live has only begun. 
Many problems in this field await investi- 
gation. One such problem is comparison 
of the genetic variability of populations 
which live near the center and at the 
periphery of the distribution area of the 
same species. The present article reports 
the results of a genetic analysis of samples 
from two peripheral populations of Droso- 
phila willistoni. These peripheral popula- 
tions are then compared with populations 
which live near the center of the species 
distribution, as well as with other marginal 
populations. 

D. willistoni is a very common species 
in the American tropics. Its distribution 
area extends from somewhat south of 
Buenos Aires, Argentina, where it has 
recently been collected by Professor C. 
Pavan (personal communication), to the 
West Indies and Florida (Patterson, 
1943; Burla et al., 1949). According to 
a private communication from Doctor 
Harrison D. Stalker, the distribution area 
reaches northward at least as far as St. 
Petersburg, Florida. Da Cunha et al. 
found that the populations of D. willtstont 
in central Brazil are large, occur in diverse 
habitats, and carry the greatest store of 
genetic variants, particularly inversions. 
Central Brazil is supposed by these au- 
thors to represent the species’ center of 
origin or, at any rate, the region of its 
greatest differentiation. A comparison of 
Florida and Cuban populations with those 
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of central and southern Brazil will there- 
fore be of interest. 


MATERIAL 


A sample of a natural population of 
D. willistoni was collected on fermenting 
banana and on naturally occurring fruits 
at Lake Placid, Florida. Another, but 
very small, collection was obtained in a 
similar manner at Soledad Central, Cien- 
fuegos, Cuba. The sexes were separated 
in the field and brought to New York for 
analysis. 


VARIATION IN THE GENE ARRANGEMENT 


Single wild females were allowed to ovi- 
posit in one-half pint culture bottles con- 
taining banana agar. Temporary mounts 
were made of the salivary glands of one 
or more mature larvae from each culture. 
The glands were stained in acetic orcein. 
After a favorable cell was selected by a 
cursory examination under low magnifica- 
tion, the gene arrangements were deter- 
mined under a 1.30 N.A. oil immersion 
objective, using 10X oculars. Since most 
inversions in D. willistont are short and 
the species is not very favorable for sali- 
vary gland chromosome analysis, it was 
practical to determine only inversion het- 
erozygotes. For statistical purposes the 
gene arrangements in the chromosomes of 
only a single larva from each culture were 
recorded. 

The data on the kinds of gene arrange- 
ments found in the populations studied are 
summarized in table 1. From the Cuban 
material only 10 flies were tested; in six 
cases the larvae selected for examination 
were females. The Florida collection 
yielded 104 tested flies; in 70 cases the 
larvae selected were females. Thus, the 
gene arrangements were determined in a 
larger number of autosomes than of X- 
chromosomes. 

In all, eleven different inversions were 
found in the Florida material, and six in 
the much smaller Cuban sample. The 
total number of kinds of inversions found 
in Florida and Cuba is thirteen. With a 
single exception, all of the gene arrange- 
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TABLE 1. Frequencies (per cent) of imversion 
heterozygotes in the Florida and Cuban 
populations studied 


Inversions Florida Cuba 
X-L Chromosome 
None 100.0 66.7 
D —— 33.3 
X-R Chromosome 
None 98.6 100.0 
A 1.4 — 
Females studied 70 6 
II-L Chromosome 
None 46.2 60.0 
A 29.8 20.0 
E 35.6 30.0 
F 10.0 
II-R Chromosome 
None 53.8 50.0 
A 12.5 
Cc 1.0 —— 
D 1.0 — 
E 38.5 50.0 
Ill Chromosome 
None 38.5 60.0 
A-I 1.9 — 
A 43.3 
H 1.9 
J 34.9 40.0 
Flies studied 104 10 


ments discovered in Florida and Cuba 
were previously described from various 
localities in central and southern Brazil by 
da Cunha, Burla, and Dobzhansky (1950). 
Twelve of the inversions, which are re- 
corded in the Florida and Cuban popula- 
tions, have been shown by these investiga- 
tors to be widely distributed in most of 
Brazil. Considering the species as a 
whole, nearly all of these twelve inver- 
sions are among the most common gene 
arrangements in their respective chromo- 
somes. Inversion /]R-—D, however, has 
been detected only at Mogi, state of Sao 
Paulo, and in Florida. The only inversion 
which so far seems to be endemic in 
Florida is inversion A-] in the third chro- 
mosome. This is the most proximal in- 
version yet discovered in the third chro- 
mosome. It extends from the middle of 
section 87 to include section 92. (For a 
map showing the numbered regions of the 
salivary gland chromosomes of D. willis- 
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toni, see Dobzhansky, 1950.) Inversion 
A-1 includes inversions A, B, and C, and 
either broadly overlaps or includes inver- 
sions D and £. This inversion brings to 
41 the total number of kinds of inversions 
known in this species. 

Inversions in the X-chromosomes of the 


Florida population appear to be very rare. 
None of the nine inversions found in the 
left arms of Brazilian X-chromosomes 
were detected in the Florida flies. The 
right arm of the X-chromosome of the 
progeny of only a single Florida female 
was discovered to be heterozygous for the 


Fic. 1. Mean numbers of heterozygous inversions per individual symbolized by diame- 
ters of black circles. (Based in part on da Cunha, Burla, and Dobziiansky, 1950; da Cunha, 


unpublished; and Dobzhansky, unpublished. ) 
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D inversion, which is one of five known in 
this arm. On the other hand, the A inver- 
sion occurred in the right arms of the X- 
chromosomes in two of the six Cuban fe- 
males ex7mined; none of these females 
possessed inversions in the left arms of 
their X-chromosomes. However, the 
presence of two inversions in the X-chro- 
mosomes of so few flies may indicate that 
the variability of gene arrangements in 
these chromosomes is greater in the Cuban 
population than in the Florida population. 

The Florida autosomes are much more 
variable in gene arrangements than are 
the Florida X-chromosomes. Neverthe- 
less, the kinds of inversions found in the 
left arms of the second chromosomes of 
this population are only two of the eight 
known. In the Florida material four of 
the five inversions known in the right arm 
of the second chromosome were, however, 
observed, as were four of the third chro- 
mosome’s fourteen inversions. 

The left arms of the second chromo- 
somes from Cuba possess a greater num- 
ber of kinds of inversions than those from 
Florida. The fact that only one type of 
inversion was detected in the right arms 
of the second chromosome and one in the 
third chromosomes of the Cuban flies is 
not significant. Undoubtedly, the very 
small sample obtained from Cuba did not 
include all kinds of gene arrangements 
which occur in the Cuban population. 

The number of heterozygous inversions 
possessed by a Drosophila fly varies from 
individual to individual. Da Cunha ef al. 
found that some females in central Brazil- 
ian populations of D. willistoni possessed 
as many as 16 heterozygous inversions ; in 
other regions some females had none. 
These investigators showed that the South 
American populations of this species differ 
from each other not only in the various 
kinds of inversions which they possess, but 
also in the mean number of heterozygous 
inversions per individual. 

In figure 1 the mean members of het- 
erozygous inversions per individual are 
graphically represented for all of the dif- 
ferent bio-geographic regions yet studied 


by the various investigators. In the prep- 
aration of this figure, data for areas south 
of Cuba were obtained from da Cunha 
et al. (1950), da Cunha (unpublished), 
and Dobzhansky (unpublished). The 
diameters of the black circles in the figure 
are proportional to the mean numbers of 
heterozygous inversions found per individ- 
ual fly in the different regions. From this 
figure the reader may readily determine 
the relative magnitudes and the geographic 
distribution of these means. 

The mean numbers of heterozygous in- 
versions per individual in the Florida and 
Cuban populations are presented in table 
2. For comparison purposes selected data 
from da Cunha e¢ al. and da Cunha (un- 


TABLE 2. Mean numbers of heterozygous inver- 
sions per individual Drosophila willistoni. 
(Data for Argentina and Salvador, Brasil, 
from da Cunha (unpublished); other 
Brazilian data from da Cunha, 

Burla, and Dobshansky, 


1950) 
Region! Mean? Range 
1. Florida Q 2.06+0.16 O0-S 
1.88+0.19 0-5 
1.9940.12 0-5 
2. Cuba 1.5040.31 0-3 


2.05+0.48 0-7 
0.93+0.43 0-5 


11. Marajé Island, 
Brazil 


9.36+0.26 2-14 
6.56+0.31 2-10 


? 
16. Monjolinho, 2 
Goyaz, Brazil rol 


17. Catunf, Bahfa, 0.81+0.03 0-5 


Brazil 0.42+0.05 0-2 
18. Salvador, Bahia, 9 1.06+0.09 
Brazil a 0.35+0.10 


1.90+0.24 0-4 
1.25+0.42 0-3 


26. Rio Grande do . 
Sul, Brazil of 


29. Tigre, Argentina +o" 1.93+0.17 


30. Buenos Aires, 


Argentina +o 2.28+0.19 


‘ Numbering of regions corresponds to number- 
ing in figure 1. 

2? X-chromosome inversions are excluded from 
9? +o" means. 
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published) are also included in this table. 
Each locality listed in the table is, for 
identification purposes, given the same 
number that it has in figure 1. Where the 
means are presented for both sexes com- 
bined, X-chromosome inversions are ex- 
cluded. 

The greatest mean number of heter- 
ozygous inversions per individual has been 
found near Monjolinho, state of Goyaz, 
Brazil. The means for the Monjolinho 
populations do not differ significantly from 
those of other nearby populations. These 
means far exceed any for populations near 
the northern or southern margins of the 
species distribution area. All populations 
for which the means have been found to 
be lower than in Florida or Cuba are also 
listed in table 2. Such populations occur 
near the southern limit of the distribution 
area and at three localities in northern Bra- 
zil. The mean numbers of heterozygous 
inversions per individual in the popula- 
tions near the southern limits of the spe- 
cies distribution are of about the same 
magnitudes as the means for the Florida 
and Cuban populations. 

For the Florida population the mean 
frequencies of heterozygous autosomal in- 
versions per individual are 2.04 +0.16 for 
females and 1.88 +0.19 for males. There 
is no statistically significant difference be- 
tween these means (¢ = 0.62, with 102 
degrees of freedom). 


THE ANALYSIS OF CONCEALED 
GENIC VARIABILITY 


Most mutant genes are deleterious to 
their carriers, at least in the environments 
in which the species normally lives. Dom- 
inant mutants seldom survive the rigors 
of natural selection for many generations. 
Recessive and nearly recessive mutants 
can persist for many generations concealed 
in the heterozygous condition. Popula- 
tions of sexually reproducing species con- 
tain large stores of concealed genic vari- 
ability. This type of variability may be 
studied after first rendering chromosomes 
homozygous. In this fashion Florida and 
Cuban second and third chromosomes 
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were analyzed for their recessive effects 
on viability and fertility and for their con- 
tents of mutant genes producing visible 
effects in adult flies. 

The techniques used to detect concealed 
genic variability were those described by 
Pavan et al. (1951). For analysis of the 
second chromosomes, wild males or sons 
of wild females were crossed in individual 
cultures with stock females homozygous 
for the second chromosome recessives abb 
bw. Single F, males from each culture 
were then bred to females which were het- 
erozygous for a second chromosome con- 
taining S Hk abb bw Inv 207. This 
marker chromosome permits no detectable 
crossing over between S and bw and is 
lethal when homozygous. From the F, of 
each culture, virgin females and males, all 
showing S and Hk but not abb bw, were 
selected and inbred. For this cross about 
10-15 virgin females and a like number of 
males were used to establish each culture 
in the analysis of the Florida sample. 
About 5—6 females and an equal number of 
males were used in the analysis of the 
Cuban material. In both analyses succes- 
sive transfers without etherization were 
made at intervals of 3-5 days, usually 4 
days, in order to produce 1-2 duplicates of 
each culture. 

In any one culture the flies selected from 
the F, and then inbred were heterozygous 
for a single wild second chromosome. 
Their other second chromosome was the 
S Hk abb bw Inv 207 one. Due to the 
homozygous lethal effect of the marker 
chromosome, the F, was expected to con- 
sist of two classes of flies, those showing 
S Hk and those homozygous for wild sec- 
ond chromosomes, in a 2:1 ratio, pro- 
vided that the wild chromosome was of 
normal viability. When a deviation from 
the expected ratio occurred, it indicated 
that the wild second chromosome _ pos- 
sessed mutant genes that modified viability 
when homozygous. The F, progenies 
were classified for mutant characters. If 
the cultures were not exhausted earlier, 
3—4 counts of eack culture were made dur- 
ing a period of about 12 days after eclosion 
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of the first adult flies from the pupae. 
Counts of replicate cultures were added 
together for statistical purposes. The 
cultures counted were kept at 25° C. 

The technique used for analysis of the 
third chromosome for concealed genic 
variability differed from that used for the 
second in that third chromosome marker 
stocks were used in order to assure ho- 
mozygosis of a single wild third chromo- 
some in each F,, culture. In the successive 
crosses the markers used were p and A 
p Inv 133 (see Pavan et al., 1951). The 
A p Inv 133 chromosome reduces the re- 
combination in the third chromosome to 
0.68 per cent and is lethal when homozy- 
gous. For the Florida sample about 10 vir- 
gin females and an equal number of males, 
both showing A but not p, were chosen 
from the F, of each cross and inbred. 
Only 5-6 females and the same number of 
males were used for this type of cross in 
analysing the Cuban material. The F, 
expectancy is 2 A: | homozygote for the 
wild chromosome. This generation was 
handled in the same manner as that de- 
scribed above for the second chromosome. 

For the Florida sample the F., flies in 
most crosses averaged between 200 and 
320 per culture, rarely below 180 or above 
360. Most total counts for each Florida 
second or third chromosome were between 
400 and 850, seldom less than 200 or more 
than 1,000. Since only about one-half as 
many F, flies were used as parents of the 
F. in the analysis of the Cuban popula- 
tion, a smaller number of F., flies was ob- 
tained. 

Controls for both the second and third 
chromosomes were made by crossing F, 
virgin females from one randomly chosen 
Florida culture with unrelated F, males 
from another Florida culture chosen at 
random. Several different such crosses 
were made. The F., flies resulting from 
these crosses were heterozygous for two 
different wild chromosomes, these being 
either second or third chromosomes ac- 
cording to the cultures from which the F, 
flies were taken. The same numbers of 
females and males used in the correspond- 
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ing homozygosis tests were used in the 
control crosses and the cultures treated 
in the same manner until counting was 
completed. 

The controls for the second chromosome 
yielded 37.83 +0.82 per cent wild-type 
flies out of 3,534 flies counted. When 
compared with the expectancy of 33.33 per 
cent, this gives a highly significant X° 
value of 32.24. Thus, marked second 
chromosomes in the F, substantially re- 
duced the viability of their heterozygous 
carriers. The marked third chromosomes, 
however, produced no appreciable effects 
on the viability of F, heterozygotes. Of 
the 6,470 flies counted in the third chro- 
mosome controls, 34.37 +0.59 per cent 
were wild-type. X? is 3.17, which is not 
statistically significant. 


LETHALS AND SEMILETHALS 


In analysing the viability effects of ho- 
mozygous wild chromosomes, it is neces- 
sary to have standards of normal viability. 
Since marked second chromosomes in the 
F,, significantly reduced the viability of 
their heterozygous carriers, the 2:1 ex- 
pectancy was adjusted. In the analysis of 
the Florida and Cuban samples, this was 
done by taking the average percentage of 
wild-type flies in the F, of the second 
chromosome control cultures as the stand- 
ard of normal viability of homozygotes for 
wild second chromosomes. Since marked 
third chromosomes insignificantly affected 
the viability of heterozygotes in the F,, 
33.33 per cent was used as the standard 
of normal viability of wild third chromo- 
some homozygotes. 

Although lethal chromosomes produce 
no viable offspring when homozygous, 
some F, cultures in the tests contained 
only one or two wild-type flies. For this 
reason, it was convenient to follow the 
convention of Pavan et al. (1951) in scor- 
ing as lethal those chromosomes which, 
when homozygous, reduced viability to 
less than 5 per cent of normal. Those 
chromosomes, which resulted in a viability 
of less than 50 per cent, but greater than 
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5 per cent, of normal when homozygous, 
were counted as semilethal. 

By dividing the percentage of wild-type 
flies produced in the F, of a second chro- 
mosome test cross by the average percent- 
age (37.83 per cent) of wild-type flies pro- 
duced in the F, of the second chromosome 
control crosses, the viability effect of the 
test chromosome was expressed in per- 
centage of the normal viability. The per- 
centages of normal viability for the third 
chromosomes were similarly obtained by 
dividing the percentage of wild-type flies 
produced in each F, culture by 33.33 per 
cent. 

The data for viability tests of the Flor- 
ida and Cuban autosomes are summarized 


TABLE 3. Viability of individuals homozygous for 
autosomes from Florida, Cuba, and Brazil, 
expressed in per cent of normal (normal 
viability = 100); the figures indicate numbers 
of chromosomes found in various viability 
classes. (Brazilian data from Pavan 
et al., 1951) 


Per cent Second chromosome Third chromosome 
normal 


viability Florida Cuba Brazil Florida Cuba Brazil 
19 8 394 8 6 140 


i179 17 2 90 
37 33 
— 3 27 2 18 
20 15 
21 10 
= 24 864 13 
33 2 1 14 
3 28 7 
32 21 
55 1 31 17 
~ 5 30 2 13 
5 2 87 52 
po 5 112 #5 1 41 
ia 9 2 13 3. 3 74 
6 #1 13 125 
13 2 £4182 13 3 169 

8 S 12% 2 431 
7 7% 13 2 69 
1 42 3 37 
44 4 13 
16 1 3 4 
2 
125 
130 


Total 109 25 2,004 122 


w 
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in table 3. This table also includes results 
obtained by Pavan et al. in their analysis 
of Brazilian D. willistoni. In the Florida 
and Brazilian material the greatest num- 
ber of tested chromosomes fall into classes 
giving viabilities between 80 and 100 per 
cent. Chromosomes which are lethal or 
nearly lethal (O to 5 per cent of normal 
viability) form the next commonest class. 
Chromosomes producing viabilities of 5 to 
50 per cent of normal are relatively rare. 
The distribution of the Cuban third chro- 
mosomes differs by the relatively larger 
number producing viabilities greater than 
100 per cent of normal. The presence of 
such a large proportion of these supervital 
chromosomes in the Cuban data is prob- 
ably due in part to the application of the 
Florida third chromosome standard of 
normality and in part to sampling error 
because of the smaller number of flies 
counted in each Cuban cross; therefore, 
the viabilities of most Cuban third chro- 
mosomes included in the supervital classes 
probably do not differ significantly from 
the normal standard. 

Table 4 summarizes the frequencies of 
lethal and semilethal second and _ third 
chromosomes of the Florida and Cuban 
populations. In this table the mean fre- 
quencies for Brazilian populations investi- 
gated by Pavan et al. and for populations 
studied in the southern state of Rio 
Grande do Sul, Brazil, by A. R. Cordeiro 
(unpublished) are also presented. 

The upper and lower limits of the fre- 
quency range of lethal second chromosomes 
given in table 4 were obtained in material 
from southern Brazil. The upper and 
lower limits of the other second chromo- 
some viability classes were secured in equa- 
torial and southern Brazil, respectively. 
The frequencies of Florida second chromo- 
somes in these classes all fall near the 
lower limits of the corresponding viability 
classes in the Brazilian populations studied 
by Pavan et al. These authors did not re- 
port any population containing as small a 
proportion of the lethal and semilethal 
class of second chromosomes as does the 
Florida population. In fact, the Florida 
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TABLE 4. Frequencies (per cent) of second and third chromosomes with different viability effects in 


homozygous condition. (Rio Grande do Sul, 


Brazil, data from Cordeiro (unpublished); 


other Brazilian data from Pavan ei al., 1951) 


Chromo- 

Chromo- Lethals and somes 
some Region Lethals Semilethals semilethals tested 
Second Florida 23.8 7.3 31.1+4.4 109 
Cuba 32.0 4.0 36.0+9.5 25 
Rio Grande do Sul 20.2 8.2 28.4+1.8 645 
Other Brazilian 28.6 12.6 41.2+1.1 2,004 

Frequency range in Brazil 20.2-32.0 6.5-25.6 28.4—54.1 
Third Florida 20.5 12.3 32.8+4.2 122 
Cuba 20.5 5.1 25.6+7.0 39 
Brazil 19.7 12.4 32.141.4 1,166 

Frequency range in Brazil 11.5—30.7 6.3-17.5 17.7—45.3 


frequency is significantly lower than the 
Brazilian mean frequency reported by 
Pavan et al. (X* = 4.30; for one degree 
of freedom this corresponds with a prob- 
ability of 3.8 per cent). Cordeiro, how- 
ever, recently found a slightly, but not 
significantly, smaller proportion of this 
class in Rio Grande do Sul than is herein 
reported from Florida. There is no statis- 
tically significant difference between the 
second chromosome lethal and semilethal 
classes of Florida and Cuba. 

For each of the third chromosome via- 
bility categories, there is almost no differ- 
ence between the frequencies from Brazil 
and Florida. The lower limits of the fre- 
quency range of the combined lethal and 
semilethal class and of the lethal class of 
third chromosomes were secured from 
southern Brazilian populations, while the 
upper limits of these classes were obtained 
in material from the state of Bahia. How- 
ever, both upper and lower limits for semi- 
lethal third chromosomes represent fre- 
quencies for southern Brazilian popula- 
tions. The Cuban frequencies of lethal 
and semilethal third chromosomes do not 
differ significantly from those of Florida. 


STERILITY 


Most wild chromosomes which pro- 
duced viable homozygotes were tested for 
their effects on fertility. On the average, 
surviving homozygotes for semilethal 


chromosomes do not differ in fertility 
from homozygotes for chromosomes of 
more viable classes. Individuals homozy- 
gous for extreme semilethal chromosomes 
were nevertheless usually so rare in the 
cultures that no attempt was made to de- 
termine whether they were fertile or not. 
Wild-type flies from the F, cultures were 
used for fertility tests. The sexes were 
separately outcrossed to unrelated fertile 
individuals of the opposite sex. These 
crosses were made in creamers and kept 
at 25° C. If no progenies appeared within 
5 to 10 days, the flies were transferred to 
fresh food. The second creamers were 
examined about one week after the trans- 
fers were made. If no offspring were pro- 
duced, the sex being tested was recorded 
as sterile. 

The data on sterility of homozygotes for 
Florida and Cuban second and third chro- 
mosomes are summarized in table 5. This 
table also presents the Brazilian mean fre- 
quency data of Pavan et al. (1951). In 
their paper these authors recorded as 
“sterile’ any chromosome which, when 
homozygotes with male homozygotes from 
the same F, culture; some other tests 
were made by confining virgin female 
homozygotes with male homozygotes from 
the same F, culture; some other tests 
were made separately for females and for 
males, in a manner similar to that out- 
lined above. The proportions of the tests 
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TABLE 5. Frequencies (per cent) of wild second and 
third chromosomes that cause sterility when 
homozygous. (Brazilian data based on 
Pavan et al., 1951) 


Second Third 
chromosome chromosome 
; Sterile Fre- Number Fre- Number 
Region sex quency tested quency _ tested 


? only 1.3 79 2.1 94 
o only 62.0 79 7.4 94 


Florida Both 8.9 79 0.0 94 
One or 72.2 79 9.5 94 
both 


2 only 0.0 17 3.6 28 
only 76.5 17 «17.9 28 


Cuba Both 23.5 17 3.6 28 
One or 100.0 17. 25.1 28 
both 
2 only 10.9 9.2 
3" only 18.4 16.5 
Brazil Both 1.7 2.0 
One or 31.0 928 27.7 819 
both 


that were made by separate testing of the 
sexes were not given. However, the ac- 
tual numbers of second and third chromo- 
somes tested separately in females and in 
males were reported with breakdowns to 
show how many of these chromosomes 
affected each sex and how many, both 
sexes. For inclusion in table 5, the Bra- 
zilian mean frequencies of second and 
third chromosomes which, when homozy- 
gous, produced sterility in females, in 
males, and in both sexes were separately 
estimated. The calculations were made on 
the assumption that the chromosomes 
tested separately in females and males rep- 
resented a random sample of Brazilian 
second and third chromosomes. Thus, it 
was assumed that, among the chromo- 
somes tested separately in each sex, the 
frequencies of second and third chromo- 
somes causing sterility in one or both 
sexes were equal to the Brazilian mean 
frequencies of, respectively, second and 
third chromosomes which Pavan et al. re- 
corded as “sterile.” Although this as- 
sumption is probably inexact, it is not 
likely that the estimated frequencies differ 
greatly from the actual ones. 


All of the seventeen Cuban second chro- 
mosomes analyzed produced sterility in 
one or both sexes when homozygous. 
Furthermore, 72.2 +5.0 per cent of the 
Florida second chromosomes gave the 
same results. These frequencies greatly 
exceed the mean frequency of 31.0 +1.5 
per cent Pavan et al. reported for Bra- 
zilian populations. Moreover, these in- 
vestigators found that the frequency of 
wild second chromosomes producing ste- 
rility in one or both sexes was greater 
than 36.8 per cent in only a small sample 
of 14 second chromosomes from one of 
nine Brazilian bioclimatic regions from 
which populations were studied. How- 
ever, the data summarized in table 5 make 
it quite evident that the magnitudes of the 
Florida and Cuban frequencies of second 
chromosomes producing sterility in one or 
both sexes are due to the exceptionally 
high proportions of second chromosomes 
which produce sterile males. It may be 
noted that more than three times as many 
Florida wild second chromosomes as Bra- 
zilian ones induce sterility in homozygous 
males. All of the second chromosomes 
tested from the smal] Cuban sample caused 
male sterility. 

If one re-examines the procedures by 
which the flies were rendered homozygous 
for the wild second or third chromosomes, 
it may be seen that the F, flies in these 
experiments always possessed only stock 
X-chromosomes. This is because the 
single F, male chosen from each culture 
and outcrossed to marked females received 
his X-chromosome from his stock mother. 
All other X-chromosomes in the F, were 
introduced by the stock females to which 
the F, males were bred. When the F., flies 
were inbred, the F, inherited only stock 
X-chromosomes. The marker stocks used 
in the analyses originated from strains of 
D. willistoni trapped in Belém, state of 
Para, Brazil (Spassky and Dobzhansky, 
1950). Therefore, all of the flies tested 
for sterility effects of Florida or Cuban 
homozygous autosomes possessed X-chro- 
mosomes from Brazil only. These facts 
suggest that the high frequencies of male 
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sterile second chromosomes in the fertility 
tests may be explained by interaction of 
most Florida or Cuban homozygous sec- 
ond chromosomes with hemizygous X- 
chromosomes from Brazil. Unfortunately, 
no critical test of this hypothesis was 
made. 

In each sterility class the frequency of 
Florida third chromosomes is lower than 
the mean frequency of Brazilian third 
chromosomes. The Cuban third chromo- 
some sterility classes are intermediate in 
magnitude between the corresponding 
Florida and Brazilian classes. For the 
frequency of Cuban third chromosomes 
which, when homozygous, produce steril- 
ity in one or both sexes (25.1 +8.2 per 
cent), the standard error is so large that 
the statistic is not a very useful measure- 
ment. 


VISIBLE MUTANTS 


No dominant mutants affecting visible 
characters were discovered in either the 
Florida or Cuban populations. When 
homozygosis of the second and third chro- 
mosomes was produced in the viability 
tests, a number of such recessive mutants 
was discovered. The Brazilian data of 
Pavan et al. (1951), as well as the Florida 
and Cuban data, are summarized in table 
6. Visible effects are often concomitant 
with homozygosis of extreme semilethal 
chromosomes. Extreme semilethals con- 
sequently were not included in counts of 
visible mutants. 

The frequencies of total numbers of visi- 
ble recessive mutants in the Florida sec- 
ond and third chromosomes are slightly, 
but not significantly, lower than in the 
corresponding Brazilian chromosomes. 


For both chromosomes, relatively lower 
frequencies of fully penetrant mutant 
genes were found for the Florida popula- 
tion than for Brazilian populations. In 
tests of Cuban flies, two recessive visible 
mutants were detected, both in second 
chromosomes. 


DISCUSSION 


Two types of genetic variability were 
found in the Florida and Cuban popula- 
tions of D. willistoni: first, chromosomal 
variants due to inversion of blocks of 
genes; and, secondly, recessive mutant 
genes carried concealed in the heterozy- 
gous condition. The biological signifi- 
cance of these two types of variability is 
quite different. Chromosomal polymor- 
phism has been shown to be adaptive and 
balanced in every Drosophila species ex- 
amined in this respect—namely, D. pseu- 
doobscura (Wright and Dobzhansky, 
1946; Dobzhansky and Levene, 1948), D. 
persimilis (Spiess, 1950), and D. robusta 
(Levitan, 1951). Although the adaptive 
values of the chromosomal inversions in 
D. willistoni have not been studied experi- 
mentally, da Cunha, Burla, and Dobzhan- 
sky (1950) have adduced arguments 
which make it virtually certain that the 
chromosomal polymorphism in this species 
is also balanced. On the other hand, the 
genes, or complexes of genes, which pro- 
duce recessive adverse effects on viability 
and fertility, and visible mutants found 
heterozygous in many wild individuals do 
not clearly perform an adaptive function. 
This statement is not intended to mean 
that these genetic variants are completely 
recessive and that their presence in het- 
erozygous condition does not affect the 


TABLE 6. Frequencies (per cent) of recessive mutants affecting visible characters when homozygous. 
(Brazilian data from Pavan et al., 1951) 


Second chromosome 


Third chromosome 


Incomplete Incomplete 
Full pene- Number Full pene- Number 
Region penetrance _ trance Total tested penetrance trance Total tested 
Florida 5.0 8.9 13.9+3.9 79 4.3 7.4 11.7+3.3 94 
Cuba 0.0 0.0 0.0 17 3.3 3.3 6.6+4.6 30 
Brazil 7.4 8.5 15.9+2.2 270 8.0 8.1 16.1+1.7 477 
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adaptive values of their carriers; on the 
contrary, the data of Cordeiro (1952) 
prove that at least some of the lethals 
found in natural populations have slight, 
but perceptible, dominant effects. There 
is not yet, however, any evidence that the 
heterozygosis for lethals and other con- 
cealed variants is involved in adaptation of 
the populations to their environments. 
Such heterozygosis is rather the result of 
mutation pressures which inevitably pro- 
duce some recessive variants that are not 
eliminated at once by natural selection. 
The rate of elimination of genes which 
may form recessive deleterious gene com- 
plexes will, of course, also be a function of 
the rate at which such complexes are pro- 
duced by crossing-over. 

Da Cunha et al. have put forward a 
hypothesis according to which the variety 
of chromosomal types present in a popula- 
tion is positively correlated with the diver- 
sity of ecological niches which this popula- 
tion has been able to master in a given ter- 
ritory. This hypothesis is a modern ver- 
sion of Vavilov’s (1926; 1951) theory of 
“centers of origin,”’ according to which the 
highest diversity of genetic types should 
be found in the territory which has been 
settled by the species for the longest time. 
Da Cunha et al. have argued that the ex- 
tent of the adaptive polymorphism should 
decrease from the center of origin towards 
the periphery of the species distribution. 
At the margins of the distribution area, 
the species is prevented from expanding 
its range because it has not had time to 
evolve adaptive polymorphism sufficient to 
permit control of many local environments 
and enable it to spread further. (This as- 
sumes, of course, the absence of impene- 
trable geographic barriers which forbid 
the expansion of the territory.) Marginal 
populations are thus expected to contain 
less adaptive polymorphism than do the 
populations of the central areas. 

Elton (1950) has defined the ecological 
niche of an animal as “the mode of life, 
and especially the mode of feeding.”’ The 
ecological niche concept, as applied to 
Drosophila, includes both the food niche 


and habitat niche concepts of Allee e¢ al. 
(1949). 

Dobzhansky and Pavan (1950) have 
shown that in the equatorial forests of 
Brazil D. willistoni is widespread, usually 
more abundant than elsewhere, most often 
the commonest species of Drosophila, and 
the occupant of a greater variety of habi- 
tats than is any other Drosophila species. 
D. willistoni is known to feed on a large 
variety of tropical fruits. Da Cunha et al. 
have pointed out that, while it is at present 
impossible to enumerate ecological niches, 
it is nevertheless possible to conclude that 
a fruit-feeder has more ecological niches 
available to it in a region with a varied 
fruit-bearing flora than in a region with a 
limited and less varied fruit-bearing flora. 
Black, Dobzhansky, and Pavan (1950) 
have shown the strikingly large amount 
of diversity and great density of trees, in- 
cluding fruit-bearing species, in Brazilian 
rainforests. The variety and density far 
exceeds that in Cuba, where forests have 
been permitted to remain in only a few 
small areas, and that in Florida, where 
most tropical fruits are borne by intro- 
duced species. Ecological niches similar 
to those controlled in equatorial Brazil by 
D. willistoni are thus considerably limited 
in Florida and Cuba. If the hypothesis of 
da Cunha et al. is correct, it would there- 
fore be expected that the Florida and 
Cuban populations of this species possess 
less chromosomal polymorphism than do 
the populations living near the center of 
the species distribution. 

The data presented in this paper are in 
general agreement with the hypothesis. of 
da Cunha et al. In certain populations of 
central Brazil, a female of D. willistoni is 
heterozygous on the average for 9.36 
+0.26 and a male for 6.56 +0.31 inver- 
sions. Figure 1 shows that, proceeding 
from central Brazil towards the periphery 
of the species distribution in Florida and 
Argentina, there is generally a decrease in 
the mean number of heterozygous inver- 
sions per individual. Exceptionally low 
frequencies have been found in northern 
Brazilian populations (da Cunha ef al., 
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1950; da Cunha, unpublished) from: Ma- 
rajO Island (11) ; Catuni, Bahia (17) ; and 
Salvador, Bahia (18). The females of - 
Catuni possess 0.81 +0.03 heterozygous 
inversions per individual, and the males 
of Salvador 0.35 +0.10 per individual. 
These are the lowest frequencies yet re- 
corded for the respective sexes. Da 
Cunha et al., who reported the Marajo 
Island and Catuni frequencies, explained 
that the Bahia “caatinga” deserts are eco- 
logically close to the limit of tolerance for 
D. willistoni and do not support large pop- 
ulations of this species. Furthermore, 
these investigators found the composition 
of the Drosophila fauna to be atypical on 
Marajo Island and in Belém (12), where 
willistoni-like species are rare and D. wil- 
listont is not the dominant member of this 
group. The frequency of heterozygous in- 
versions per individual, 2? + ¢ 1.99 +0.12, 
in the Florida population is about the same 
magnitude as those found (da Cunha, un- 
published) for populations from Argen- 
tina, 9+ ¢ 1.93 +0.17 and 92+ ¢ 2.28 
+0.19, respectively, from Tigre (29) and 
Buenos Aires (30). 

Qualitative comparison of the inversions 
found in Florida with those found else- 
where is also interesting. Of the 11 kinds 
of inversions recorded in Florida, only 
one, A-1 in the third chromosome, has 
not been discovered in Brazilian popula- 
tions. In fact, most of the inversions that 
occur in Florida occur also in the far-flung 
territory southward from there, at least as 
far as southern Brazil. On the other hand, 
many kinds of inversions known in Brazil 
do not seem to have reached Florida. 
Even in the very small Cuban sample 
studied, some inversions not found in 
Florida were recorded (XL—D and IIL- 
F). While this apparent absence in Flor- 
ida may be spurious, it is quite possible 
that these inversions have not yet reached 
the marginal Florida population although 
they have settled Cuba. The Florida pop- 
ulation contains therefore only about one- 
quarter of the kinds (41) of inversions 
known in D. willistont, whereas some cen- 
tral Brazilian populations of this species 
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contain two and even three times as many 
as does the Florida population. 

Here it must be mentioned that the 
presence of similar inversions in popula- 
tions as remote as Florida, central Brazil, 
and southern Brazil is in itself noteworthy. 
Dobzhansky (1944; 1951) has shown that 
all the chromosomes with a given gene ar- 
rangement in the species are probably de- 
scended from a single progenitor in which 
the arrangement resulted from a chromo- 
somal mutation. The reason for this view 
is not only that a repeated origin of the 
same inversion in nature must be a rare 
event, but also that an inversion is not 
likely to be retained or to increase in fre- 
quency in a natural population unless it 
happens to include a gene complex which 
has a high adaptive value when heterozy- 
gous with other gene complexes in the 
same population. While the huge number 
of individuals in the species D. willistoni 
may enable rare events to occur repeat- 
edly, even in this highly variable species ict 
the number of kinds of inversions which - 
happened to arise in chromosomes with iW . 
favorable gene complexes is limited. It is i 
then indeed unlikely that any one gene ar- tl 
rangement would arise two or more times 
in chromosomes which contained heterotic 
gene complexes. Thus, the occurrence of 
a particular gene arrangement in extensive 
territories indicates both an efficient mech- 4 
anism of diffusion of selectively valuable 
traits through the species population and a 
relative antiquity of the arrangement. As- 
suming that such widespread gene arrange- 
ments first appeared somewhere near the 
present center of the species -distribution 
area, in the equatorial part of South Amer- 
ica, they had to overcome a distance of at 
least 3,000 miles to reach Florida. 

Unfortunately, the method used to an- 
alyze the populations for concealed genic 
variability did not distinguish whether a 
recessive mutant effect was due to ho- 
mozygosis of a single gene or to homozy- 
gosis of several mutant genes in the tested 
chromosome, or whether the recessive ef- 
fect would have resulted if the chromo- 
some had been rendered homozygous in 
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some other genetic background. Never- 
theless, the method does provide valid in- 
dices for comparison of the relative mag- 
nitudes of stores of concealed genic vari- 
ability in different populations of the 
species. 

The incidence of chromosomes produc- 
ing recessive mutant effects is far more 
uniform throughout the species range than 
that of chromosomal polymorphism. The 
frequencies of lethal and semilethal second 
and third chromosomes in Florida popula- 
tions are 31.1 +4.4 per cent and 32.8 +4.2 
per cent, respectively. The mean fre- 
quency for Brazilian populations studied 
by Pavan et al. (1951) is 41.2 +1.1 per 
cent for the second and 32.1 +1.4 per cent 
for the third chromosomes. The figure 
for the second chromosome is significantly 
higher for the Brazilian populations than 
for the Florida one. It should, however, 
be noted that the frequencies of lethal and 
semilethal chromosomes are not uniform 
in populations from different regions of 
Brazil. The Florida population’s fre- 
quency of lethal and semilethal second 
chromosomes does not differ significantly 
from 28.4 +1.8 per cent which Cordeiro 
(unpublished) has found for populations 
in Rio Grande do Sul, Brazil, close to the 
southernmost known limit of the distribu- 
tion area of the species. 

Third chromosomes which, when ho- 
mozygous, produce sterility in one or both 
sexes are significantly less frequent in 
Florida than in Brazil, 9.5 +3.0 per cent 
and 27.7 +1.6 per cent, respectively. In 
fact, the frequency of Florida third chro- 
mosomes of this class is lower than the 
lowest frequency (13.7 per cent) Pavan 
et al. reported for any Brazilian popula- 
tion. In tests with Brazilian marker 
stocks, the Florida second chromosomes 
effected sterility in one or both sexes 72.2 
+5.0 per cent of the time. This is very 
significantly higher than the frequency of 
31.0 +1.5 per cent Pavan et al. reported 
for Brazilian populations. At present, 
however, it is impossible to rule out the 
hypothesis that the Florida second chro- 
mosome sterility frequency is in large part 


due to interaction of the Brazilian X-chro- 
mosome and the homozygous Florida sec- 


‘ ond chromosomes in many of the males 


tested. 

Detection of mutants affecting visible 
characters is an operation that requires 
observational skill, a talent which may be 
much better developed in some investiga- 
tors than in others. The frequencies of 
recessive visible mutants in Florida pop- 
ulations of D. willistoni reported herein 
and those Pavan et al. (1951) recorded 
for Brazilian populations are therefore not 
strictly comparable. Nevertheless, the 
lower frequencies, 13.9 +3.9 per cent and 
11.7 +3.3 per cent, respectively, for the 
second and third chromosomes, in the 
Florida population do not differ signifi- 
cantly from the Brazilian frequencies of 
15.9 +2.2 per cent for the second chromo- 
some and 16.1 +1.7 per cent for the third 
chromosome. 

It appears then that the marginal popula- 
tions of the species, both at the northern 
and southern boundaries, have somewhat 
lower frequencies of autosomes producing 
recessive adverse effects on viability and 
fertility (in northern marginal areas the 
low incidence of sterility factors is certain 
only for the third chromosome), and, pos- 
sibly, possess fewer recessive visible mu- 
tants than do populations near the center 
of the distribution of the species. Now, 
the magnitude of the store of concealed re- 
cessive variants carried in a population de- 
pends upon the interaction of several fac- 
tors (Wright, Dobzhansky, and Hovanitz, 
1942), perhaps the simplest of which is the 
mutation rate that produces the recessive 
variants. Thus, in an effectively infinite 
population, the equilibrium frequency of a 
completely recessive autosomal lethal is 
equal to the square root of the frequency 
of de novo origin of that lethal by muta- 
tion. Variations of the mutation rates in 
different populations of a species have 
been found both in D. melanogaster (Ives, 
1945; Dubinin, 1946) and in D. willistoni 
(Dobzhansky, Spassky, and Spassky, in 
press). Unfortunately, no data which 
would permit comparison of the mutation 
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rates in the Florida and in the Brazilian 
populations are available. 

Apart from the mutation rate, the re- 
productive biology of a population also 
influences the frequencies of concealed re- 
cessive variants. As shown especially by 
Wright, the equilibrium frequencies of 
lethals and other deleterious variants are 
lower in effectively small populations than 
in effectively large ones. This seems to 
be the probable explanation of the differ- 
ences between frequencies of chromosomes 
having recessive lethal effects found in D. 
melanogaster populations of the United 
States by Ives (1945), of Russia by Du- 
binin (1946), and of Israel by Gold- 
schmidt (1951). Similarly, Wright, Dob- 
zhansky, and Hovanitz (1942) found that 
the effectively smaller populations of D. 
pseudoobscura in California have fewer 
chromosomes producing recessive lethal 
and semilethal effects than the effectively 
larger populations which inhabit Mexico 
and Guatemala. Somewhat lower fre- 
quencies of deleterious variants may there- 
fore be expected in marginal populations 
of a species than in those near the center 
of the distribution area. 
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SUMMARY 


Samples of marginal populations of D. 
willistont from Florida and Cuba were an- 
alyzed for chromosomal and genic vari- 
ability. All of the inversions found in 
these populations have, with a single ex- 
ception, previously been reported from 
central and southern Brazil. The Florida 
population nevertheless possesses only 
about one-fourth of the known kinds of 
inversions. The Florida and Cuban mean 
frequencies of heterozygous inversions per 
individual fly are much lower than those in 
populations which live near the center of 
the distribution area of the species. How- 
ever, similar frequencies of heterozygous 
inversions have been found in marginal 
poulations in Rio Grande do Sul, Brazil, 
and in Argentina. Chromosomes contain- 
ing the different types of concealed reces- 
sive mutants are, in general, somewhat less 
frequent in Florida and Cuba than in cen- 
tral Brazil, but about as frequent as in Rio 
Grande do Sul, Brazil. 


BIBLIOGRAPHY 


Autiee, W. C., A. E. Emerson, O. Park, Tu. 
Park, AND K. P. Scumipt. 1949.  Prin- 
ciples of animal ecology. W. B. Saunders, 
Philadelphia. 

Brack, G. A., Tu. DoBzHANsky, AND C. Pa- 
vAN. 1950. Some attempts to estimate spe- 
cies diversity and population density of trees 
in Amazonian forests. Bot. Gaz., 111: 413- 
25. 

H., A. B. pa Cunna, A. R. Corperro, 
Tu. DospzHANsky, C. MALOGOLOWKIN, AND 
C. Pavan. 1949. The willistont group of 
sibling species of Drosophila. Evolution, 
3: 300-314. 

Corpetro, A. R. 1952. Experiments on the ef- 
fects in heterozygous condition of second 
chromosomes from natural populations of 
Drosophila willistoni. P.N.A.S., 38: 471- 
478. 


on 
{ 


wily 
j 
ao 
| 
— 
| 
| 
4 
ae 
f q 
— 
} 
J 
i 
if 
ava 
4 


442 J. IVES TOWNSEND 


pA Cunna, A. B., H. Burta, AND TH. Dos- 
ZHANSKY. 1950. Adaptive chromosomal 
polymorphism in Drosophila willistont. Ev- 
olution, 3: 212-235. 

DoszHANSKY, TH. 1944. Chromosomal races 
in Drosophila pseudoobscura and Drosophila 
persimilis. In Th. Dobzhansky and C. Ep- 
ling. Contributions to the genetics, taxon- 
omy, and ecology of Drosophila pseudo- 
obscura and its relatives. Pub. Carnegie 
Instn. 554: 47-144. 

1950. The chromosomes of Drosophila wil- 
listoni. J. Heredity, 41: 156-158. 

1951. Genetics and the origin of species. 
Ed. 3. Columbia University Press, New 
York. 

DosBzHANSKY, TH., AND H. LeveNeE. 1948. 
Genetics of natural populations. XVII. 
Proof of operation of natural selection in 
wild populations of Drosophila pseudoob- 
scura. Genetics, 33: 537-547. 

DoszHANSKY, TH., AND C. Pavan. 1950. Lo- 
cal and seasonal variations in relative fre- 
quencies of species of Drosophila in Brazil. 
J. Anim. Ecol., 19: 1-14. 

DospzHANSKy, TH., B. SpaAsskKy, AND N. 
Spassky. A comparative study of mutation 
rates in two ecologically diverse species of 
Drosophila. Genetics (in press). 

Dusinin, N. P. 1946. On lethal mutations in 
natural populations. Genetics, 31: 21-38. 
E.ton, Cu. 1950. The ecology of animals. 
Ed. 3. Methuen, London, and John Wiley, 

New York. 

GOLDSCHMIDT, ExizABetH. 1951. Deleterious 
genes in wild Drosophila melanogaster from 
Israel. Amer. Natur., 85: 201-205. 


Ives, P. T. 1945. The genetic structure of 
American populations of Drosophila melano- 
gaster. Genetics, 30: 167-196. 

Levitan, M. 1951. Experiments on chromo- 
somal variability in Drosophila robusta. 
Genetics, 36: 285-305. 

Patterson, J. T. 1943. The Drosophilidae 
of the Southwest. Univ. Texas Publ., 
4313: 7-216. 

Pavan, C., A. R. Corperro, N. DoszHANsky, 
Tu. DoszHansky, C. B. 
SPASSKY, AND M. Weper. 1951. Concealed 
genic variability in Brazilian populations of 
Drosophila willistoni. Genetics, 6: 13-30. 

Spassky, B.. AnD Tu. DoszHansky. 1950. 
Comparative genetics of Drosophila wil- 
listoni. Heredity, 4: 201-215. 

Spiess, E. 1950. Experimental populations of 
Drosophila persimilis from an_ altitudinal 
transect of the Sierra Nevada. Evolution, 
4: 14-33. 

Spencer, W. P. 1947. Mutations in wild pop- 
ulations in Drosophila. Adv. in Gen., 1: 
359-402. 

Vavitov, N. I. 1926. Studies on the origin of 
cultivated plants. Leningrad. 

1951. The origin, variation, immunity, and 
breeding of cultivated plants. Chron. Bot., 
13: 1-364. 

Wricut, S., AND DoszHansky. 1946. 
Genetics of natural populations. XII. Ex- 
perimental reproduction of some of the 
changes caused by natural selection in cer- 
tain populations of Drosophila pseudoob- 
scura. Genetics, 31: 125-156. 

Wricut, S., TH. DopzHAaNsky, AND W. Hova- 
nitz. 1942. Genetics of natural popula- 
tions. VII. The allelism of lethals in the 
third chromosome of Drosophila pseudo- 
obscura. Genetics, 27: 373-394. 


1 


if 

4 

q 

~ 
q 

4 
a | 

‘a 
= 
t 
t 
( 
Cc 
7 


NOTES AND COMMENTS 


SEX DETERMINATION IN THE HONEY BEE 


F. J. MANNING 


County Training College, Alsager, Stoke-on-Trent 


Recently Sanderson and Hall (1951) have 
criticized the observations of Kerr (1951) and 
Manning (1949-50) concerning evidence for the 
existence of a sex chromosome in the honey bee. 
The criticism, however, makes curious reading 
in view of the fact that these authors (1948) 
were unable to demonstrate even cytoplasmic 
buds in the spermatocytes of this insect. Since 
the latter often approach 1/8 size of a normal 
cell we may justifiably question the adequacy of 
the techniques used by them. 

However, the main contention in the article 
under review is that Kerr’s observations do not 
support Manning’s; first, because the extruded 
body is a naked mass, and, second, because Kerr 
has accepted Manning’s evidence on differential 
maturation of the egg which “is unsatisfactory 
and far from complete.” Such sweeping state- 
ments are very misleading. Surely, the extru- 
sion of a chromosome from within an estab- 
lished spindle does not entail envelopment 
within a nuclear membrane. The latter, in- 
deed, will form either at the dissolution of the 
spindle, or when the extruded body has reached 
the periphery of this structure. Since, in the 
honey bee, both occur at the same time it is 
not surprising to witness the formation of a 
very small daughter cell of the kind postulated 
by Sanderson and Hall simultaneously with the 
re-formation of the main nuclear membrane. 
Unfortunately, the smallness of the cell and its 
late appearance have led investigators to ignore 
it. In the bumble bee where the extrusion of 
the differential chromosome is now known to 
be similar to that of the honey bee (Manning, 
in the press), the nuclear membrane is larger 
and thus the daughter cell more distinct.* 

The second of Sanderson’s and Hall’s con- 
tentions apparently partly hinges on the fact 
that Manning omitted the reproduction of illus- 
trations of an oogonial plate to support his 
oogonial counts (Sanderson and Hall, 1951). 
Oogonial chromosomes, however, are very small 
and though counts are readily made, the pro- 
duction of indisputable photocopies is very dif- 


*In vespoid wasps the phenomenon is even 
clearer due to the formation of a supplementary 
spindle for the differential chromosome(s), 
prior to the formation of nuclear membranes. 


ficult and has not yet been accomplished (cf. 
figure 2, p. 35, Endeavour, 1951). Thus for 
publication it seemed better to commit the sin 
of omission rather than that of commission, par- 
ticularly since the chromosomes in any case 
were figured. It will be noticed, too, that in this 
matter Sanderson and Hall are in a very strong 
position to exploit the situation, since they need 
only produce satisfactory evidence for the pres- 
ence of two hooked-chromosomes to bring dev- 
astating proof against the accuracy of Man- 
ning’s observations and thus demonstrate the 
sincerity of their criticism. 

As far as incompleteness of the study of 
oogenesis is concerned, this is frankly admitted. 
Such work is very slow and tedious as most in- 
vestigators appreciate. Nevertheless, even in 
the early paper far more work had been done 
than Sanderson and Hall recognize and since 
then considerable progress has been made, so 
that soon many old and new facts will be pub- 
lished in support of earlier statements. 

Finally, it is amazing still to find the pro- 
mulgation of the belief that sex determination 
depends on “haplo-diploidy.” Surely, the lat- 
ter is no more than a term descriptive of the 
state of two genomes and cannot be applied as 
a fundamental theory. If Sanderson and Hall 
find published work unsatisfactory (and read- 
ers must judge this) surely we might expect 
from them a clarification of the ideas they are 
supporting, and not a resort to mere descriptive 
terms, or an equivocal statement about the 
presence of a sex chromosome which, if its ex- 
istence is admitted, can at least balance the 
autosomes for the determination of sex in the 
honey bee. 
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NOTES AND,COMMENTS 


SEX DETERMINATION IN THE HONEY-BEE 


Hans Rts anp W. E. Kerr 


University of Wisconsin and Universidade de Sao Paulo 


The cytology of the honey-bee has been fre- 
quently investigated during recent decades (for 
lit. see Kerr, 1951). While a number of ques- 
tions remain it is generally agreed that the 
males develop from unfertilized eggs and con- 
tain 16 chromosomes, the haploid number, ex- 
cept where polysomaty has increased it sec- 
ondarily. The first spermatocyte division is 
suppressed so that no chromosome reduction 
occurs and the sperms carry 16 chromosomes. 
Females, on the other hand, originating from 
fertilized eggs are diploid with 32 chromosomes. 
Recently this view was challenged by Manning 
(1948-1950), who claimed that he had discov- 
ered “A hitherto unsuspected x-chromosome” 
and who proposed a new scheme of sex deter- 
mination for the honey-bee, based on a balance 
between the number of autosomes and x-chro- 
mosomes. According to Manning the large 
hook-shaped chromosome that is found among 
the 16 chromosomes of spermatocytes is elim- 
inated in the second spermatocyte division. The 
sperms therefore could contain only the 15 auto- 
somes resulting in a basic number of 31 in 
females, 30 autosomes and one large hook- 
shaped x-chromosome. Kerr (1951) published 
some observations that appeared to confirm 
Manning’s story of the elimination of the 
x-chromosomes during spermatogenesis. He 
found a double body that clearly lagged behind 
in the second spermatocyte anaphase and was 
not included in the daughter nuclei. 

Neither Manning nor Kerr, however, had 
used the Feulgen reaction, or had definitely 
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proven that the eliminated body was indeed a 
chromosome. 

Since such an x-chromosome, if substantiated, 
would radically change the present ideas on 
sex-determination in the honey-bee ( Macken- 
son, 1951) we undertook to re-investigate the 
spermatogenesis, using the Feulgen reaction in 
squashes and sections as well as iron-hematoxy- 
lin. The material used includes all the different 
stocks we could obtain, namely English, Italian, 
Caucasian* and a Brazilian stock originally 
studied by Kerr. 

The present investigations confirm the pre- 
vious work of Manning and Kerr, insofar as 
(in all stocks studied) after iron hematoxylin 
staining, a sometimes double body is found 
lagging in the spindle of the second meiotic 
division, and is finally eliminated from the 
nucleus (fig. 1). However, it turned out that 
this body is not a chromosome. Never is it 
even slightly Feulgen positive (fig. 2) and 
in preparations counterstained with fast green 
it stains clearly green. In the second spermato- 
cyte metaphase it is always apart from the 
chromosomes and nearer to one pole (fig. 3). 
Yet the metaphase plate shows 16 Feulgen 
positive chromosomes including the large hook- 
shaped one. The body eliminated is therefore 
not the large chromosome as Manning claims. 

Our findings support the results of the older 
investigators that spermatocytes contain 16 


chromosomes that divide once equationally and 


*We wish to thank Mr. W. C. Roberts of 
the U.S.D.A. in Madison, Wisconsin, for the 
material and the help in collecting it. 


7 
10 
Fic. 1. Second spermatocyte telophase of Apis mellifera L. (Brazilian 


stock) stained with Heidenhain’s iron hematoxylin. 
ging in the spindle. 
Fic. 2. 
ible here. 
Fic. 3. Second spermatocyte metaphase, iron hematoxylin. 
negative body is seen nearer to one pole. 


Second spermatocyte telophase, Feulgen. 


Note the structure lag- 
No lagging body is vis- 


The Feulgen 
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that the sperms carry 16 chromosomes into the 
egg. There is no morphologically visible sex 
chromosome in the honey-bee. 

What is this lagging body, if not a chromo- 
some? The history of it as well as other puz- 
zling aspects of spermatogenesis in the bee such 
as the secondary association in metaphase II 
are under investigation and will be published 
elsewhere. From preliminary studies it ap- 
pears that the structure described by Manning 


and by Kerr is the nucleolus that persists from 
the prophase of the primary spermatocyte into 
the spermatid. 
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THE EVOLUTION OF CULTIVATED PLANTS AND WEEDS 


G. Lepyarp STEBBINS JR. 


University of California, Davis 


A paradoxical situation has arisen for stu- 
dents of plant evolution. We have come to 
realize more and more clearly that rapid evo- 
lutionary change is bound up with alteration 
of the environment, and that the most radical 
and sudden changes in the environment which 
have taken place in recent years and are still 
taking place are the result of man’s activity. 
Hence the best place for us to look for evolu- 
tion in progress should be among those plants 
associated with man. But when we come to 
study such plants, we find that they have been 
given relatively little attention by systematic 
botanists and others interested in species rela- 
tionships and phylogeny, and until recently 
geneticists have studied them mainly for ob- 
taining information about the mechanism of 
heredity, and only incidentally for learning 
about their origin and relationships. 

This situation is the main theme of a recent 
book by Edgar Anderson.! There is certainly 
nobody better qualified to write on such a sub- 
ject. Dr. Anderson is the only living botanist, 
and in fact the only botanist who has ever lived, 
who has studied intimately the variation pat- 
tern in many groups of both wild species and 
cultivated plants, and at the same time has 
known enough about modern genetics and cyto- 
genetics to interpret these patterns in terms of 
heredity. For these reasons, serious botanists 
and evolutionists must respect Dr. Anderson’s 
views, even though they may disagree with 
them. 

The present book is written in a popular, 
conversational style, and is obviously intended 
for the intelligent layman. Furthermore, it is 
full of intimate character sketches of botanists, 
from the herbalist, Leonard Fuchs, “. . . a big, 
broad-shouldered Henry-the-Eighth sort of man 


1 Anderson, E., Plants, Man, and Life. 245 
pp., 16 figs. Little, Brown and Co., Boston, 
1952. 


with handsome clothes and a general air of get- 
ting things done ... ,” through Harvard's 
austere economic botanist, Oakes Ames, who 
“.. . had the mind of a scholar with the soul 
of an artist... ,.” up to the unnamed taxono- 
mist who on reaching a Central American cloud 
forest “. . . rushes about with a great excess of 
energy, throwing the plants into presses, search- 
ing here and there for something uncollected 

. as if somehow he is trying to make the 
cloud forest a part of his professional self... .” 
This characteristic will certainly help to assure 
a large number of readers among scientists as 
well as laymen. Botanists familiar with Dr. 
Anderson’s ideas will enjoy his presentation of 
them and his characterization of old and new 
friends, both human and angiospermous. Other 
botanists will find this book a most pleasant 
way of getting acquainted with his methods as 
well as his ideas. Graduate students should 
read it, if only to learn that it is possible for a 
true scientist to write in a delightfully popular 
vein, without becoming either inaccurate or vul- 
gar. To observant laymen, the book may open 
up an entire new world of interest; one which 
they can follow in their own gardens, and in 
journeys to any place, far or near. This re- 
viewer welcomes it as ideal to recommend as 
reading to his intelligent non-scientific friends 
who wish to learn what he is doing. 

To the evolutionist, the biggest problem 
raised by this book is that of evaluating Dr. 
Anderson’s methods and ideas, particularly since 
they will now become known to a large number 
of people who are neither geneticists or evolu- 
tionists. With one of them, namely, the need 
for learning much more about the variation pat- 
tern in both cultivated plants and weeds, nobody 
can quarrel. The comparative neglect of these 
plants on the part of systematic botanists has 
been due largely to the fact that the traditional 
methods of systematics have revealed little more 
about them than was known to Linnaeus and 
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the herbalists. Real progress in the study of 
such plants requires concerted attacks by sys- 
tematists, geneticists, economic botanists, and 
agriculturists, all of whom are well enough 
acquainted with each other’s disciplines so that 
they can understand each other. Such co- 
operative projects are outside of the scope of 
most herbaria and botany departments of uni- 
versities, which perform many other equally 
important tasks dealing with native floras and 
plants in general. Fortunately both research 
workers and administrators of colleges of agri- 
culture are realizing more and more that they 
can produce better crop plants more efficiently 
if they learn all that can be known about crop 
plant species and about their relatives, many of 
which are common weeds. As a result, co- 
operative studies of cultivated plants and weeds 
are becoming a feature of research programs 
in colleges of agriculture. and are becoming 
more and more firmly based upon fundamental 
principles of genetics and systematics. Many 
examples can be given, some of them men- 
tioned by Dr. Anderson: the exploratory stud- 
ies of Vavilov and his associates in Russia on 
a great variety of plants; the work of Kihara’s 
group in Japan and of MacFadden and Sears 
in Missouri on wheat; that of Mangelsdorf and 
Reeves and of Anderson himself on maize; that 
of Hutchinson and Stephens and of the Texas 
A. & M. group, originally headed by the late 
Dr. Beasley, on cotton; the studies of R. E. 
Clausen and his associates on tobacco; and the 
recent cooperative work in the University of 
California, Purdue University, and elsewhere 
on the tomato. The outcome of such projects 
will give us a greatly increased insight into 
the evolution of cultivated plants and weeds. 
More controversy has been aroused by Dr. 
Anderson’s methods of research, as well as the 
working hypothesis which he has recently de- 
veloped as a result of these methods. In con- 
sidering these, however, the evolutionist should 
also study the most recent research publica- 
tion of Dr. Anderson, in which he has clearly 
stated his working hypothesis, and has de- 
scribed his most recently refined method of 
charting variation in natural populations.? 
One can hardly deny the fact that Dr. An- 
derson has developed ways of sampling popula- 
tions and of collecting and preserving herbarium 
material which are far more useful to students 
of evolution, particularly as applied to culti- 
vated plants, than any which existed previously. 
Also, it is hard to deny that Dr. Anderson’s 
graphic representation of variation, through the 
use of scatter diagrams and ideographs, is very 
useful for certain problems. This method, 
which has been gradually evolved through the 


2 Anderson, E., and Amy Gage, 1952. Intro- 
gressive hybridization in Phlox bifida. Amer. 
Jour. Bot., 39: 399-404. 


years and of which various modifications are 
described in several publications, is presented 
clearly in its newest and most efficient form in 
a chapter of the present book entitled “How 
to measure an avocado.” This reviewer and 
his students have used it enough to learn that 
this method is by far the best yet devised for 
making the observer aware of a pattern of 
variation in respect to three or more characters 
which are varying simultaneously. To be sure, 
the selection of the characters to study and of 
their arrangement on the diagram are based on 
just as strictly subjective judgment as are the 
descriptions of the traditional systematist. But 
once the method is learned, it is, like every 
other good scientific method, a valuable tool 
for making complex natural phenomena rela- 
tively clear to the human mind, without seri- 
ously distorting them. 

The numerical indices devised by Dr. Ander- 
son, particularly the hybrid index, have been 
the most criticized of his methods. They have 
been used less and less frequently in Dr. Ander- 
son’s most recent publcatons, and are not men- 
tioned at all in “Plants, man, and life.” Per- 
haps the main reason for criticizing them has 
been their apparent mathematical objectivity, 
which has caused them to be compared with 
the much more precise methods of statisticians. 
Such comparisons are not justified. Dr. Ander- 
son has never intended that they should re- 
place statistical methods, if the data available 
permit the use of statistics, and if the problem 
concerned is one which can be solved by the 
statistical methods currently available. It seems 
to this reviewer that gathering sufficient data 
to permit statistical analysis of the variation 
pattern in even a single species is almost an 
impossible task. This fact has caused scien- 
tists who feel that statistical analysis is essen- 
tial to confine their attention to two or three 
easily measured characters, and often to over- 
look altogether the most important character- 
istics which separate species, and to pay far too 
little attention to the interrelationships between 
variation in different characteristics. For a 
complete analysis on a sufficiently large scale 
of morphological variation in natural popula- 
tions, statistical methods are at present an un- 
attainable ideal. Dr. Anderson’s methods, both 
numerical and pictorial, are frankly a compro- 
mise between this ideal and the completely sub- 
jective intuition which is the chief basis of most 
of the decisions made by many systematists 
working with traditional methods. They have 
the advantage of being repeatable and of focus- 
sing the attention of the observer upon certain 
essential features of variation. Once their limi- 
tations are recognized and they are applied cor- 
rectly and with careful discrimination, they 
become of indispensable value to botanists in- 
terested in species relationships and evolution. 
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Finally, we must consider the probability of 
Dr. Anderson’s principal working hypothesis. 
This is the belief that hybridization, and par- 
ticularly introgression, provides one of the prin- 
cipal sources of the variation observed in natu- 
ral populations of higher plants, as well as that 
possessed by cultivated species. Whether this 
is to be considered as hybridization between 
species or between subspecies depends upon the 
species definition employed, and is perhaps not 
of paramount importance. Two previously iso- 
lated subspecies which possess widely different 
adaptive characteristics may by hybridization 
produce as much or more genetic variability 
than results from crossing between some spe- 
cies, particularly those which possess very simi- 
lar adaptive requirements. Furthermore, an 
increasing amount of evidence is pointing to 
the probability that very strong barriers of 
hybrid incompatibility or sterility which sepa- 
rate well isolated species can be overcome if 
the selective value of the hybrid derivatives 
is sufficiently great. 

In considering this hypothesis, the first thing 
to recognize is that it is only an hypothesis, 
which will require the assembling of many facts 
in favor of it obtained from a variety of dif- 
ferent plants, before it can be generally ac- 
cepted. We must also recognize the fact, how- 
ever, that the alternative hypothesis, namely 
that hybridization has not been an important 
factor in evolution, is a null hypothesis. This 
is the hardest type of hypothesis to establish 
firmly, and must be considered particularly sub- 
ject to revision if new methods of research 
produce new types of evidence against it. Most 
systematists since the days of Linnaeus have 
had a strong bias against the assumption of 
widespread natural hybridization, partly be- 
cause recognition of such a condition implies 
the admission that natural species are in many 
instances not clear cut entities, and the crea- 
tion of a perfect taxonomic system is therefore 
an unattainable ideal. If a particular indi- 
vidual or population possesses key characters 
which place it definitely within some recognized 
taxonomic category, the systematist usually con- 
cludes that “it is obviously not a hybrid.” But 
if for the word “hybrid” we _ substitute the 
phrase “of hybrid origin,” then this conclusion 
would in most instances be more valid if it 
were modified to read, “It is not obviously of 
hybrid origin.” 

The principal reason for the last statement 
is the evidence from cytogenetics which shows 
clearly that populations of hybrid origin may 
possess few or none of the characteristics usu- 
ally associated with hybrids, and may exist in 
regions far removed from the present distribu- 
tional area of either of their original parents. 
These facts have long been known for poly- 
ploid derivatives of interspecific hybrids, and 


Dr. Anderson’s recent and current work show 
that they are also true of back cross or intro- 
gressive derivatives of hybridization. These 
latter are often hardly distinguishable from 
typical members of the parental species, as 
has now been shown by a number of experi- 
ments. 

The present state of the controversy concern- 
ing the importance of hybridization in evolu- 
tion can best be summarized by enumerating 
the principal objections which have been raised 
against the assumption that hybridization plays 
a major role in evolution, and by stating the 
principal evidence affecting these objections. 

The first objection, namely, that the pro- 
ponents of hybridization have often considered 
entities to be hybrids which occur in regions 
far removed from those occupied by their 
putative parents, has been largely removed by 
cytogenetic evidence. We now realize that 
among the products of hybridization between 
species or subspecies in nature, individuals of 
the F, generation usually form a very small 
minority. In most instances, they are far out- 
numbered by F: or back cross types, if the 
hybridizing entities are closely enough related 
so that the F; can produce some progeny, or 
by allopolyploid derivatives, in the case of hy- 
brids between distantly related species. Pro- 
vided that these later products of hybridization 
find an ecological niche in which they have a 
selective advantage, they can perpetuate them- 
selves indefinitely, and can spread far beyond 
the distributional range of either of their origi- 
nal parents. They may also survive long after 
one or both of these parents have become ex- 
tinct. 

A second objection is that gene recombina- 
tion in the progeny of species or subspecies is 
so complex that inferences concerning the hy- 
brid origin of natural populations cannot be 
made unless the supposed hybridization is re- 
peated under controlled conditions. Fortu- 
nately, there are now several examples not 
subject to this objection, since experimental 
evidence is available. Two of the best of these, 
Tradescantia and Helianthus, are discussed in 
Dr. Anderson's book. In both instances pre- 
dictions first made on the basis of evidence from 
natural populations were fully verified by ex- 
perimental data. More examples of this sort 
are badly needed, but those available point to 
the likelihood that at least the majority of the 
inferences based upon careful studies of natural 
populations (but not necessarily those based 
on casual examinations of individual herbarium 
specimens) are correct. The reasons why such 
inferences can be made are outlined in Dr. 
Anderson's earlier book, Introgressive hybridi- 
zation. They are based chiefly on the fact, now 
verified by a great mass of experimental data, 
that most differences between natural species 
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and subspecies are governed by quantitative in- 
heritance, so that in respect to them an F; hy- 
brid is intermediate between its parents, and F, 
or backcross derivatives form graded series 
connecting the F,; with one or both of its par- 
ents. Furthermore various genetic forces, 
chiefly pleiotropic effects and linkage, can pro- 
mote correlations between characters, and these 
correlations may be further augmented by natu- 
ral selection, which is likely to sort out as units 
favorable character combinations which have 
been built up by selection during the evolu- 
tionary history of a successful species. The 
principal object of Dr. Anderson’s methods is 
to enable the observer to see correlations be- 
tween characters which he would otherwise 
overlook. Based on the detection of such 
correlations, Anderson has been able to predict 
the existence of putative parental entities un- 
known to him, and to find these entities by 
searching through floras, herbaria, or in the 
field. The fact that this reviewer and other 
botanists have been able to use Dr. Anderson’s 
methods in the same way is the strongest pos- 
sible argument for their value. 
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ognized as having occurred at very rare inter- 
vals. In his work with grasses, the writer has 
encountered a number of situations which al- 
most certainly require the production of seed 
by interspecific hybrids which in his garden 
have to date proved completely sterile. He 
has also found that very great differences exist 
in fertility between different F,; individuals of 
the same hybrid progeny, to say nothing of 
the even greater differences between progeny 
from different populations of the same parental 
species. To say that two species “cannot be 
crossed” or that their F; hybrid “is completely 
sterile” in many instances implies an omnis- 
cience which is not scientifically justified. 
Finally, the objection has been raised that 
if all variation within natural populations is 
due to hybridization between previously distinct 
entities, then how do new characters arise? 
One reply is that new variations are, in fact 
constantly occurring, but that they are over- 
shadowed by variation due to recombination of 
characters belonging to previously existing var- 
iants. In morphologically constant, genetically 
stable populations which are well adjusted to 


“4 A more serious objection has been that in- 
4 ferences made on the basis of these methods 
have in some instances pointed toward hybridi- 
zation between species which cannot be crossed 
in the laboratory, or toward the production of 
progeny by F; hybrids which under all observ- 
able conditions are completely sterile. There 
are several answers to this objection. The first 
one is that the ability to cross with another 
| species varies widely from one population to 
“- another of any species, and even from one indi- 
| vidual to another of the same population, so that 
| the investigator can never hope to try all of 
the possibilities for crossing which have been 
available to two sympatric species during the 


their environments new mutations are almost 
certain to lower the adaptive value of their 
bearers, and so to become eliminated, as Dob- 
zhansky and other geneticists have frequently 
observed. But when crossing between widely 
different types is taking place in a disturbed 
environment, new gene combinations are con- 
stantly being exposed to novel environmental 
conditions. Under such circumstances, it is 
entirely possible that mutations (in the broadest 
sense of the word) which previously were re- 
jected repeatedly by selection may occur anew 
and find themselves in a genetic and environ- 
mental milieu in which they are highly success- 


| thousands of years of their coexistence. Sec- ful, and so may spread rapidly soon after they 
. ond, whereas the hybridizer must be content have occurred. To use an analogy, hybridiza- I 
7 with experiments involving only hundreds or tion may be regarded as an evolutionary cata- 
= perhaps thousands of female gametes, nature’s lyst. In combination with another catalytic 
. experiments may have involved tens or hun- agent, disturbance of the environment, it may , 
ty dreds of thousands of such gametes, even dur- promote evolutionary changes far more rapidly 
se ing a single season. A universal experience and to a far greater extent than is possible 
2 among those hybridizing species has been that under any other circumstances, without being 8 
a many crosses at first deemed impossible succeed itself the direct basis of the new characteristics. ; 
i after repeated efforts on a large scale. The At present, the evolutionist must keep his mind ‘ 
: same type of answer may be applied to the open in respect to this as well as many other 
production of progeny by “sterile” hybrids. problems, and welcome new techniques like y 
a The production of progeny by a mule was long those of Dr. Anderson, which enable us to r 
q considered impossible, but is now generally rec- gain new insight into it. r 
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COMMENTS ON EVOLUTIONARY LITERATURE 


Ernst Mayr 


Ammonite evolution.1 The discovery of a 
rich ammonite fauna in central Arabia poses 
several interesting problems. Within the Juras- 
sic at least six virtually world-wide and exceed- 
ingly abundant faunas are known. Only a few 
representatives of a single one of these faunas 
have been found in the rich Arabian beds. “In- 
stead there is a succession of peculiar and recon- 
dite ammonites which . at first sight might 
have been collected on another planet.” Not 
only are there endemic genera, but even the 
non-endemic genera are elsewhere rarities or 
generally considered aberrant. There is reason 
to believe that the embayment where this fauna 
occurred had only tenuous contact with other 
oceans and might furthermore have been eco- 
logically aberrant. The evolutionary potentiali- 
ties of such a fauna are at once evident. If it 
is permitted to break out of its isolation owing 
to a change of ecological and geotectonic con- 
ditions, it may sweep the oceans. All the geolo- 
gist would find at a distant locality is what 
Cuvier would have called a cataclysm, or what 
some paleontologists would call a macro-muta- 
tional succession. That different faunas can 
co-exist at the same time level, but in different 
oceans or continents, seems to be one of the 
most difficult things to understand for a worker 
specializing on a single fauna. And that a re- 
placement of such a fauna at a given locality 
is a zoogeographical event and not an evolu- 
tionary event (in the narrow sense) is a fact 
that cannot be emphasized often enough. 

There is one other aspect of this study which 
calls for comment. The study of ammonites is 
still analytical. Within each genus every mor- 
phologically different type is described as a 
different species. But what are these morpho- 
logical “species” biologically? Take, for in- 
stance, the genus Ermoceras restricted to the 
bordertime between Middle and Upper Bajocian 
(Jurassic) in Arabia and Sinai. Three sub- 
genera with ten species are distinguished mor- 
phologically. As an ignorant outsider I would 
like to make the iconoclastic suggestion that 
all these forms may be no more than individual 
variants and ecophenotypes of a single species! 
Arkell points out quite correctly (p. 305) that 
there were no geographical barriers within the 
range of Ermoceras that would have permitted 
such proliferation by geographic speciation. As 
an out, he takes recourse to the discredited hy- 
pothesis of ecological speciation. However, 
Arkell! fails to adduce any proof that these 

1 Arkell, W. J. 1952. Jurassic ammonites 


from Jebel Tuwaiq, central Arabia. Philos. 
Trans. R. Soc., B (Biol. Sci.), 236: 241-313. 


different morphological types are really dif- 
ferent and reproductively isolated populations. 
Anybody familiar with the ecophenotypic vari- 
ation in Melania, Limnaea and Anodonta among 
the living mollusks would not be surprised at 
a similar situation in these champions of mor- 
phological plasticity, the ammonites. 

Eocene marine faunas.2 The conclusions that 
can be drawn from marine faunas are in har- 
mony with the results obtained from the study 
of terrestrial faunas: the tropical belts were in 
the same position as now, except extending far- 
ther towards the poles. The relationship of the 
Paleocene-Eocene faunas of the Americas and 
Europe-Asia indicates that the two regions were 
then as far distant from each other as they are 
now. 

Fossil birds.* A survey of the fossil birds 
described since 1932. The existing genera of 
birds may largely go back to the Miocene. 
Most of the genera known from the Eocene are 
placed in families or subfamilies different from 
the living ones. 

The natural system and phylogeny. Every 
thinking biologist is aware of the methodologi- 
cal and conceptual difficulties connected with 
the words phylogeny and natural system. The 
never ending arguments on the meaning of the 
word homology, the question whether or not 
the natural system should be (or can be) based 
on the findings of evolutionary results are in- 
dicative of the difficulties. Remane presents in 
the present volume a historical, philosophical 
and biological analysis of this complex of ques- 
tions. His analysis is very thorough, over 70 
pages, for instance, are devoted to a discussion 
of homology and analogy. Additional prob- 
lems, that are discussed, are the meaning of 
phylogeny, polyphyletic groups, the type prob- 
lem, recapitulation, manifestations of ortho- 
genesis, shift of function, irreversibility, rudi- 
mentary organs, the interrelations between 
comparative anatomy and paleontology, and 
many others. The discussions are illustrated 
throughout by instructive examples from Re- 


2 Durham, J. W. 1952.: Early Tertiary ma- 
rine faunas and continental drift. Amer. Jour. 
Sci., 250: 321-343. 

3’ Wetmore, A. 1951. Recent additions to 
our knowledge of prehistoric birds 1933-1949, 
Proc. Xth Int. Ornith. Congress, Uppsala, pp. 
51-74. 

*Remane, A. 1952. Die Grundlagen des 
natuerlichen Systems, der vergleichenden Ana- 
tomie und der Phylogenetik. Theoretische 
Morphologie und Systematik I. Akad. Ver- 
lagsges. Leipzig, 400 pp. 
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mane’s matchless knowledge of invertebrates 
and vertebrates. The underlying thesis of all 
discussion is that the various vitalistic phylo- 
genetic “laws” are based on misconceptions 
and are not a necessary interpretation of the 
observed facts. 

Some of the discussion may seem superfluous 
to the Anglo-Saxon reader since the rejected 
theories cannot be reconciled anyhow with the 
findings of genetics. However, it must be re- 
membered that such theories are still widely 
held among anatomists and paleontologists, not 
only in continental Europe, but occasionally also 
elsewhere. To show the inconsistency and gen- 
eral weakness of such theories on the basis of 
the very material on which they were founded 
is thus of considerable value. It is therefore 
irrelevant that Remane himself is not familiar 
with the more recent developments of genetics, 
as is very evident from his discussion of muta- 
tion. Every comparative anatomist, systematist 
and evolutionist will benefit from reading Re- 
mane’s systematic analysis of this complex of 
questions. 

Morphology and phylogeny.» In this review 
on the literature of the comparative morphology 
of the arthropods, a discussion of the literature 
is so well integrated with an independent inter- 
pretation by the reviewer and so many basic 
problems are discussed, such as that of the ori- 
gin of metamery, the significance of function for 
phylogenetic interpretations, and the effects of 
one organ system on others, that it becomes of 
considerable interest to the student of phylogeny 
and evolution. 

An Italian biosystematics.6 Two Italian bi- 
ologists have joined to write an account of the 
theory and the practices of systematics. S. 
Beer, an entomologist, contributes chapters on 
the history of systematics, on taxonomic char- 
acters, on taxonomic categories, and on prob- 
lems of terminology and nomenclature. The 
treatment is based on the current literature. 
often illustrated by situations among the Lepi- 
doptera, personally known to the author. It 
is a readable and competent treatment. The 
second part of the volume (pp. 323-550) by 
A. Sacchetti, an anthropologist and statistician, 
deals with the biometrical treatment of popula- 
tions and taxonomic categories. A series of 
magnificent color plates illustrates sibling spe- 
cies, geographic and individual variation, par- 
ticularly among the lepidopterans. 

Fortuitous polymorphism??* Lamotte’s long 


5 Weber, H. 1952. Morphologie, histologie 
und Entwicklungsgeschichte der Articulaten. 
Fortschr. Zool., N. F., 9: 18-231. 

6 Beer, S., and A. Sacchetti. 1952. Problemi 
di sistematica biologica. Edizioni Scientifiche 
Einaudi, 671 pp. 

7Lamotte, M. 1951. Recherches sur la 
structure génétique des populations naturelles 


awaited monographic study of variation in the 
French populations of the snail Cepaea nemo- 
ralis is now available. It is based on a study 
of more than 100,000 specimens from nearly 
1,000 colonies. The study contains a wealth of 
information, partly confirming the results of 
earlier authors, partly extending and partly 
contradicting them. In the first part of the 
work (pp. 1-121) the biology of the snails is 
treated, their population structure, their general 
variability and what is known of the genetics 
of their variation. Ninety per cent of the colo- 
nies comprise between 500 and 3,000 individuals, 
but a few large ones exceed 10,000. There is 
random mating of the various genetic types 
within each colony. The average distance an 
individual moves between birth and breeding is 
15 meters, which means that linear colonies ex- 
tending more than 52.5 meters and round colo- 
nies covering more than 1,800 square meters are 
no longer strictly panmictic. Indeed an analysis 
of one of the larger colonies indicates a definite 
amount of genetic heterogeneity: If the colony 
is divided into squares of 10 meters, samples 
from squares 50 meters apart are twice as dif- 
ferent than samples from adjacent squares while 
samples taken 80 meters apart are three times 
as different. 

The character “unbanded shell” is selected 
for a detailed analysis (pp. 123-224). It is 
here that Lamotte comes to results that are 
somewhat opposed to the conclusions of Taylor, 
Boettger, Cain and Sheppard, and Schnetter, 
who believe that the gene controlling this band- 
ing has considerable selective significance. La- 
motte, although admitting the presence of very 
slight selective forces, attributes the genetic 
composition of most populations essentially to 
mutation (and back mutation), migration, and 
accident. It would be interesting to find the 
reasons for this discrepancy of results. It may 
be a matter of methods. Boettger, Schnetter, 
and Cain and Sheppard have made very detailed 
and intensive analyses of a few colonies, the 
ecology and microclimate of which are well 
known. Lamotte’s method involves the simul- 
taneous analysis of dozens, or hundreds, of 
colonies. Furthermore, the “unbanded” type 
may be a heterogeneous class. Cain and Shep- 
pard found that the type “unbanded red” reaches 
a maximum in old beech forests and “unbanded 
yellow” in short grass pastures, two diametri- 
cally different habitats. The fact that there are 
greater differences between small colonies than 
between large ones is ascribed by Lamotte to 
hazard (p. 152). It seems to me, however, that 
with the reduced heterozygosity of small colo- 
nies the effects of selection will be more imme- 
diately apparent. Also, small colonies will oc- 
cupy more uniform habitats. It would seem 


de Cepaea nemoralis (L.). Suppl. 35 au Bull. 
Biol. France et Belg., 239 pp. 
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entirely possible to explain this difference be- 
tween large and small colonies in terms of 
selection. 

There is virtually no correlation between 
percentage of banding in ‘Cepaca nemoralis and 
the closely related and very similar C. hortensis 
in areas where both species overlap. This in- 
dependence of variation indicates that predator 
selection is only of minor importance. 

One consideration, neglected by most authors, 
is that of the wide distribution of banding 
among land snails. There are dozens, if not 
hundreds, of species in many genera showing 
similar variation. One has the impression that 
a basic polymorphic mechanism is involved, as 
in the avian and mammalian blood groups, the 
genes of which can become associated with all 
sorts of physiological viability factors. A sta- 
tistical analysis of phenotypes, which lumps the 
dominant homozygotes with the heterozygotes 
and which neglects the genetic background on 
which these genotypes are placed, is perhaps an 
entirely unsuitable method of analysis. 

Although some of Lamotte’s conclusions may 
have to be revised, he has brought new methods 
and new viewpoints to the ever fascinating prob- 
lem of the banded snails. His study is a major 
contribution. 

Genetic differences between human isolates.® 
Whether and to what extent accidents of sam- 
pling have evolutionary effects are questions of 
considerable importance, which are not yet an- 
swered with unanimity. Every new investiga- 
tion of the problem is therefore welcome, par- 
ticularly if it presents clearcut facts. Glass and 
his co-workers present genetic data on members 
of a religious sect which lives in the same 
physical and cultural environment as the rest 
of the population but intermarries with outsid- 
ers only to a limited extent. The effective size 
of this population is about 90. It is found that 
at five of seven studied loci the gene frequencies 
differ significantly from those of the U. S. white 
population and from the West German popula- 
tion (from which the isolate was originally de- 
rived). This difference is ascribed to genetic 
drift, contributed by three factors: “(a) the 
accidental composition of the original commu- 
nity ... ; (b) the effects in each generation 
of the random sampling of gametes in a very 
small population; and (c) the chance exclusion 
of genes borne by those who leave the commu- 
nity” (about 25 per cent of each generation). 
The contribution of these factors to the ob- 
served deviations of the gene frequency are un- 
deniable, but it still remains an open question 
whether the isolate would have maintained itself 
sufficiently long to permit fixation. The effect 
of the differences of the genetic background is 


8’ Glass, Bentley, ef al. 1952. Genetic drift 
in a religious isolate. Amer. Nat., 86: 145-159. 
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not discussed nor the probable physiological ef- 
fects of the genes which produce the observed 
phenotypic manifestations. 

Geographic and seasonal variation in wea- 
sels.°Hall’s_ excellent monographic revision 
of the American weasels contains a wealth of 
interesting information, biological and_ sys- 
tematic. In the northern part of the ranges 
of each of the three North American species of 
weasels, a white winter coat is assumed, known 
as ermine. In the more southern portion of 
the range the fur is brown in both seasons, and 
there is a belt (illustrated by a map) inhabited 
by populations in which some individuals molt 
into the white coat, others do not. It would be 
interesting to correlate this with a map showing 
the average number of days in which the ground 
is covered by snow. Whether or not a weasel 
molts in fall into the white coat is genetically 
determined, but the time of the molt is deter- 
mined by an interaction of environmental (¢.., 
light) and endocrine factors. Even in the 
brown coat there is a close correlation between 
coat color and climate. The upper parts are 
blackish brown in V. frenata from humid tropi- 
cal Panama and pale brown in the subspecies 
from arid New Mexico. A colored plate shows 
this correlation between rainfall and coloration 
for ten subspecies. When Hall began his stud- 
ies in 1925, 29 full species of American weasels 
were recognized. They are now reduced to 4 
species (with 68 subspecies), figures which il- 
lustrate graphically the modern trend toward 
comprehensive, polytypic species. 

Stored genetic variability. Classical Men- 
delian genetics specialized in the analysis of 
single gene loci. When it was realized that a 
single character may be affected by several, if 
not scores or hundreds of genes, it became 
necessary to add new methods of analysis. 
Among these the method of testing whole chro- 
mosomes, developed by Muller and others, 
proved particularly productive. It permits test- 
ing stocks that are homozygous for certain 
chromosomes, as well as heterozygous for 
known combinations. Of four wild chromo- 
somes of Drosophila melanogaster, three dif- 
fered significantly from each other in their 
effect on abdominal chaetae. When these lines 
were made homozygous they did not respond 
to selection for increased or decreased bristle 
number during the 8-11 generations of the ex- 
periment (with one exception caused by extrin- 
sic factors). If a heterozygous pairing of two 


* Hall, E. Raymond. 1951. American Wea- 
sels. Univ. Kansas Publ., Mus. Nat. Hist., 4: 
1-466, 41 plates, 31 figs. 

1° Harrison, B. J.. and K. Mather. 1950. 
Polygenic variability in chromosomes of Droso- 
Phila melanogaster obtained from the wild. 
Heredity, 4: 295-312. 


= 


‘ 
PA 
‘ut 
q 
4 
cas 
1 
i 
4 
i 
a 
ia 
+a 
/ 
| 
a 
q 


Wher 


452 NOTES AND COMMENTS 


of these chromosomes was effected (with the 
remainder of the chromosomes held constant), 
a population was started with a new compound 
chromosome (owing to crossing over) which 
responded more or less markedly to selection. 
The new combination of genes contained suffi- 
cient genetic variability to permit relatively 
rapid increase and decrease of the number of 
chaetae by 25 per cent. It is implied, but not 
insisted upon, that this variation is due to some 
major genes and numerous polygenes. 

Quantitative inheritance.11 The whole prob- 
lem of the nature of quantitative inheritance is 
considered by Robertson and Reeve in the gen- 
eral discussion of a set of experiments dealing 
with body size in Drosophila. In particular, 
they question whether it is justified to distin- 
guish between oligogenes and polygenes. In- 
deed much of the evidence accumulated within 
recent years indicates that the total genetic 
background severely affects the phenotypical 
expression of most genes placed on it. Recip- 
rocally, the chemical products of a given gene 
may affect to varying degrees various develop- 
mental processes in different parts of the body. 
Instead of having two neatly separated classes 
of genes—oligogenes producing the major ef- 
fects, and polygenes modifying the expressivity 
of the oligogenes—every gene might have major 
“oligogenic” and minor “polygenic” effects. 
The same gene then would be an oligogene or 
a polygene depending on which of its pleiotropic 
effects is studied. 

Mather’s former emphasis on polygenes has 
had a very wholesome effect by bringing out 
what a special group the “Mendelian” genes 
are with which most genetic work in the past 
had been conducted. Now that this point is 
generally accepted, it might be useful to go 
still one step farther and consider every char- 
acter as the product of an intricate interaction 
of genes, rather than the product of a gene 
(and its modifiers) or of a few oligogenes with 
their polygenes. 

Populations and evolution’? Dobzhansky 
gives here a short but particularly lucid ex- 
position of some of the findings and concepts 
of population genetics. The significance of the 
difference between sexual populations and asex- 
ual clones, the various orders of populations, 
mechanisms to increase the fitness of popula- 
tions and to improve their ecological tolerance, 
and finally the meaning of species and of specia- 
tion are discussed. 


11 Robertson, F. W., and E. Reeve. 1952. 
Studies in quantitative inheritance. I. The ef- 
fects of selection of wing and thorax length in 
Drosophila melanogaster. Jour. Genetics, 50: 
414-448. 

12 Dobzhansky, Th. 1950. Mendelian popu- 
lations and their evolution. Amer. Nat., 84: 
401-418. 


Speciation in birds..* A survey of the litera- 
ture on species and speciation in birds published 
since 1939, with particular emphasis on ecologi- 
cal factors. 

Species recognition.* Males of several spe- 
cies of butterflies, particularly Pieris napi, were 
given the choice of dummies with the outline of 
females. In nearly all cases the dummy that 
most resembled the female (white in the case 
of P. napi) attracted the males most strongly. 
White (= napi-like) dummies were more at- 
tractive to males of P. bryoniae than yellowish 
dummies colored like their own females. This 
sexual selection in favor of white females is 
evidently overruled by selection for viability 
factors associated with the genes producing the 
normal female coloration of bryoniae females. 

Polyploidy in a turbellarian.5 A blind, white 
cave (or spring) turbellarian of the Swiss Alps, 
Dendrocoelum infernale, with n= 16 is exceed- 
ingly similar to D. lacteum (n=8), except for 
the lack of eyes. Author interprets this her- 
maphroditic species as an autopolyploid of D. 
lacteum. There are various physiological dif- 
ferences between the species, such as tempera- 
ture preference and resistance to various poi- 
sons. 

Stabilized hybrid populations and gene com- 
plexes1® Three morphological genera of cy- 
prinodonts occur in Anatolta (Turkey); the 
species in one (Aphanius) are normally scaled, 
in the two others scaling is either more or less 
reduced (Anatolichthys) or virtually absent 
(Kosswigichthys). Interspecific and interge- 
neric crosses among these forms are usually 
fertile, even between such that are sympatric, 
except when Kosswigtchthys is involved. As 
to be expected, when a scaled population is 
crossed with another scaled population, the F; 
is scaled, and when a member of a scaleless 
population is crossed to a member of another 
scaleless population, the offspring is scaleless. 
But there are interesting exceptions. In crosses 
of three scaled populations the offspring was 
largely scaleless, in another cross most of the 
offspring was scaled, even though on the basis 
of the constitution of the parents a scaleless F, 
would have to be expected. 

It is thus evident that the recombination of 
gene complexes resulting from interpopulation 


Xth Int. Ornith. Congress, Uppsala, pp. 91-131. 
14 Petersen, B., O. Tornblom, and U. O. 
Bodin. 1952. Verhaltungsstudien am Raps- 
weissling (Pieris napi) und Bergweissling 
(Pieris bryoniae). Behavior, 4: 67-84. 

15 Aeppli, E. 1952. Nattrliche Polyploidie 
etc. Z. Vererbungslehre, 84: 182-212. 

16 Aksiray, F. 1952. Genetical contributions 
to the systematical relationship of Anatolian 
Cyprinodont fishes. Publ. Hydrobiol. Res. 
Inst., Univ. Istambul, Ser. B, vol. 1: 33-81. 
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crosses often produces unpredictable results. 
Back crosses and other additional genetic analy- 
sis indicate that the genetic basis of these char- 
acters is highly multifactorial. Further analysis 
indicated that the populations of the so-called 
genus Anatolichthys have all the characteristics 
of stabilized hybrid populations between A pha- 
nius and a Kosswigichthys-like ancestor. There 
is no sexual isolation between any species of 
Aphamus and the only living species of Koss- 
wigichthys, but nearly all hybrids, so far bred, 
were sterile in spite of their high viability. A 
few fertile F: females produced only sterile 
males in back crosses. The phenotype of the 
hybrid is consistent with the theory of the hy- 
brid origin of Anatolichthys. The parallelism 
between hybridism in relic streams in the des- 
erts of Anatolia and the American West is re- 
markable. Fertility, however, seems greater in 
the Anatolian group. 

Meristic characters and environment.17 Work 
on the sea trout (Salmo trutta) extends the 
findings of earlier authors that by heat or cold 
treatment “phenocopies” of different natural 
populations may be obtained. The vertebrae 
number of a “cold treated” warm water sample 
was 58-62, which is like that of Scandinavian 
populations; in a “warm treated” cold water 
sample it was 55-59, which is much like a South 
European population (53-59). Characters laid 
down early in development, such as number of 
vertebrae, expressed under constant conditions 
more clearly genotypic differences than late de- 
veloping characters, such as number of dorsal 
fin rays. Some chemical factors, like salinity 
and oxygen content of the water, also affect 
meristic characters. Author emphasizes that 
a great deal more work needs to be done to 
determine what part of the meristic characters, 
that are used so much in fisheries research, have 
a genotypic basis. 

Sympatric hybridisation.18 Two species of 
Malaysian Kingfishers (Cey* rufidorsus and 
C. erithacus) hybridize freely in their rather 
extensive area of overlap. This fact was dis- 
covered by Ripley and is confirmed by Voous. 
Among 72 Sumatran specimens there were 35 
per cent hybrids, among 89 specimens from the 
Bornean area there were 58 per cent hybrids. 
It is difficult to understand what prevents the 
complete merging of the two species, in view 
of this high frequency of hybridization. 

Population structure in birds2® It is now 


17 Taning, A. V. 1952. Experimental study 
of meristic characters in fishes. Biol. Rev., 27: 
169-193. 

18 Voous, K. H. 1951. Distributional and 
evolutionary history of the Kingfisher genus 
Ceyx in Malaysia. Proc. Xth Int. Ornith. 
Congress, Uppsala, pp. 177-183. 

19Lack, D. 1951. Population ecology in 


generally acknowledged that certain features 
of populations are of decisive importance for 
rates and directions of evolutionary change. 
Unfortunately, most of our knowledge of popu- 
lation phenomena is derived from laboratory 
or otherwise artificial populations. David Lack, 
who has been a leader in the study of popula- 
tions of birds, has prepared a valuable review 
of the work done on bird population from 1938 
to 1949. Density dependent factors are very 
apparent. There is evidence of a good deal of 
“overproduction” of young normally, and after 
heavy decimations populations usually return 
rather quickly to their “normal” density, which 
fluctuates within prescribed limits. Annual 
mortality of adults is about the same in every 
age group, and extremely few birds reach an 
age level where they might die of “old age.” 
In most passerine birds some 42-65 per cent of 
each year class die annually, the averages dif- 
fering between species and localities. Preda- 
tion appears to be an important mortality fac- 
tor among gallinaceous and passerine birds. 
Available food supply during a critical period 
of the year seems to be involved—directly or 
indirectly—in most of the residual mortality. 

Studies of this sort are particularly stimu- 
lating as bringing out the interaction of many 
conflicting factors and by showing how mor- 
tality factors influence indirectly family struc- 
ture, habitat selection, feeding plasticity and 
many other variable behavior elements that 
can be modified by selection. 

Ecotypes and range changes.2° The conclu- 
sion that most species consist of numerous ge- 
netically and ecologically different local popu- 
lations casts new light on the problem of range 
changes. Range expansions usually do not af- 
fect the species as a whole, but are local phe- 
nomena of specific peripheral populations which 
are genetically and ecologically preadapted to 
take advantage of slight changes in the physical 
or biotic environment. The relative share of 
the intrinsic (= gene environment) and extrin- 
sic (= environmental changes) factors can at 
best be only estimated. Author illustrates his 
discussions by numerous distributional phe- 
nomena. 

Climatic changes and evolution.24 A group 
of Finnish climatologists, geographers and bi- 
ologists arranged an important symposium on 
climatic changes in Finland during the past 100 
years. There have been decided fluctuations, 


birds. A review. Proc. Xth Int. Ornith. Con- 
gress, Uppsala, pp. 409-448. 

20 Voipio, P. 1952. Ocekogenetische Differ- 
enzierung und Populationsdynamik. Ornis Fen- 
nica 29: 1-26. 

21 Hustich, I. (ed.). 1952. The recent cli- 
matic fluctuation in Finland and its conse- 
quences. Fennia, 75, 128 pp. 


4 


£ 


/ 
} 
if 7 
W 
i 
q 
q 
¢ 
aE 
‘ 
} 
q 
a § 
q 
‘ 
q é 
4 
4 7 wit, 
4 a \ L 
q 
“ 
4 
7 


454 NOTES AND COMMENTS 


different for every month of the year. For 
most months there has been a temperature mini- 
mum 1850-1880 and a maximum 1930-1940. 
This has resulted in many range changes, re- 
treats of northern species and advances of south- 
ern species. The resulting shifts of selection 
pressure are complex and not easily analyzed; 
an improvement of the climatic situation, for 
instance, may favor a predator even more than 
its prey. 

Pigment and climate.22_ A careful biometrical 
analysis of the size of the black, yellow and red 
pigment areas on the wings of the butterfly 
Melitaea chalcedona in California shows that 
many of the 30 sampled populations differ from 
each other significantly. The amount of red 
increases particularly strikingly in the desert 
district. No reason could be found why some 
populations are highly variable, as for instance 
those of isolated mountain populations in the 
Mohave desert area. Most of the observed vari- 
ation is undoubtedly genetic since the adults 
were raised in the laboratory from wild col- 
lected larvae. 

Adaptive evolution in the reproduction of ma- 
rine bottom invertebrates.** Though written as 
“ecology” the material of Thorson’s review is 
of first rate importance to the evolutionist. Ev- 
ery step in the development of the larvae from 
fertilization to adulthood is subjected to strong 
selection pressures which have resulted in man- 


*2 Le Gare, M. J., and W. Hovanitz. .1951. 
Genetic and ecologic analyses of wild popula- 
tions in Lepidoptera. II. Color pattern varia- 
tion in Melitaea chalcedona. Wasmann Jour. 
Biol., 9: 257-310. 

23 Thorson, G. 1950. Reproductive and lar- 
val ecology of marine bottom invertebrates. 
Biol. Rev., 25: 1-45. 


ifold adaptive devices. About 70 per cent of 
the bottom invertebrates have a plankton feed- 
ing pelagic larval stage during which enormous 
mortality occurs. A single individual of the 
mollusc Aplysia californica spawns 480 million 
eggs in less than 5 months. If there is non- 
pelagic development, eggs with much yolk, 
brood protection, and vivipary, the number of 
eggs is drastically reduced. Thorson gives a 
detailed analysis of the modes of spawning and 
fertilization, types of larval development, and 
sources of loss during pelagic development, and 
how these phenomena are correlated with geo- 
graphical and ecological distribution. The arc- 
tic, antarctic, and deep seas have bottom waters 
with low temperatures and poor food condi- 
tions; as a result only few species there have 
pelagic larvae. Most interesting are the species 
that vary their developmental pattern according 
to the waters in which they occur. In many 
species there are various isolating mechanisms 
and other mechanisms reducing the waste of 
gametes (pp. 6-7). 

Dispersal.2* Marked individuals of a popu- 
lation of prairie deermice (Peromyscus manicu- 
latus bairdit) showed a strongly skewed dis- 
persal pattern. There are indications of three 
types of individuals, those that stayed in the 
vicinity of the birthplace, those that moved a 
short distance (150-750 feet}, and those that 
moved long distances (several thousand feet). 
The long distance travelers, which have also 
been recorded for many other species, are of 
special importance as causing a high rate of 
gene flow. 


24 Dice, L. R., and W. E. Howard. 1951. 
Distance of dispersal by prairie deermice from 
birthplaces to breeding sites. Contr. Lab. Ver- 
tebrate Biol., 50: 1-15. 


DARWIN’S JOURNAL! AND OTHER PUBLICATIONS 


Epwin H. CoLpBert 


A recently published book of particular in- 
terest to evolutionists is a facsimile reprint of 
Darwin’s journal of his voyage on the Beagle, 
brought out by the Hafner Publishing Company 
of New York and London. This is a large and 
handsome volume, printed by the offset process. 


1 Journal of Researches into the Geology and 
Natural History of the Various Countries vis- 
ited by H. M. S. Beagle. By Charles Darwin. 
1839. Facsimile reprint of the first edition. 
Hafner Publishing Company, New York-Lon- 
don. 615 pp. 20 plates, frontispiece. 1952. 
$7.50. 


The first edition of Darwin's journal was ac- 
tually the third volume of a narrative account 
of the Beagle expedition, the first two volumes 
having been prepared by Captains Fitzroy and 
King. It appeared in 1839. Darwin’s journal 
was at that time published independently by 
Messrs. Colburn, some copies of which were 
dated 1839 and some 1840. It is this original 
edition of Darwin’s journal as an independent 
work, now very rare, that has been reproduced. 
The Journal was published again as a second 
edition “corrected with additions” in 1845, while 
it appeared in still a third form in 1860 under 
the title of “A Naturalist’s Voyage.” These 
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two later editions are the ones commonly avail- 
able at the present time as reprints. 

This facsimile reprint includes, in addition to 
the full text, reproductions of the figures that 
appeared in the first edition, and also sixteen 
plates from the King and Fitzroy volumes. For 
a frontispiece there is a diagram of the Beagle, 
as drawn by Captain King many years after the 
voyage, and first published in 1890. 


The following volumes deserve notice, al- 
though they are not reviewed here, since they 
are not concerned with evolutionary problems. 

Carr, Archie. 1952. Handbook of turtles. 
Comstock Publishing Associates—A Division of 
Cornell University Press, Ithaca, New York. 
542 pp. 37 figs. 82 plates. 

Dowdeswell, W. H. 1952. Animal ecology. 
Methuen & Co., Ltd., London. 207 pp. 45 figs. 
16 plates. 
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aberrations in X-chromosomes of Drosophila 
melanogaster, 20 

Acheta, 283-295 

achondroplasia of the rat, 5 

adaptive, character of angiosperm phylum, 39- 
44; character of primitive angiosperm types, 
37-39 ; range of Delphinium, increase of, 353- 
367; response to weather of Delphinium, 
254-260; responses of some third chromo- 
some types of Drosophila pseudoobscura, 
216-233; values of experimental populations, 
estimation of, 333-341 

Addison, G., 380-386 

allometric growth of the rat, 387-390; brain, 
388 (fig.); heart, 388 (fig.); kidneys, 389 
(fig.) ; lungs, 388 (fig.); thymus, 388 (fig.) 

allometry, ontogenetic and evolutionary, 387- 
392 

Amphibia, speciation in western (rev.), 244 
246 

Anderson, E. (rev.) 445-448 

angiosperm, 29-60; adaptive character of primi- 
tive types, 37-39; adaptive character of the 
phylum, 39-44; antiquity, 30-33; concentra- 
tion of families, 45. (fig) ; distribution, 38, 41, 
42, 43, 44 (figs.); Early Cretaceous, 48-51; 
Early Tertiary, 54-56; environments of early 
evolution, 37-44; geological occurrence, 30 
(fig.); Late Trias-Jurassic, 47-48; Meso- 
zoic, 30-31; Middle Cretaceous, 51-54; 
Permo-Triassic, 44-47; post-Cretaceous, 54— 
57; pre-Cenozoic, 44-57; Quarternary, 56-57 ; 
site of early evolution, 33-36; stages in evolu- 
tion, 46 ( fig.) 

antiquity of angiosperms, 30-33 

Aristelliger, natural selection in the lizard genus, 
112-124; breeding and maximal size, 113-114: 
forefoot and fourth hind toe, 113 (fig.); 
fourth toe, 115 (fig.); infradigital lamellae, 
114-120; taxonomic categories and selection, 
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